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PREFA’CE 


SINCE th? publication of the /irst tditien* in WTiO, rapid 
• t 

•progress has been made iij Coking Practice, and the authors 

* 0 

have realised for some considerable time the necessity fo^ a 
second edition to bring the matter up*to date The public^, 

t ' * 

tion h^s, however, been delayed through the exigencies of 

the European War, and in addition the authors ha\*e been 

• ’ « ^ * • 

unable to devote their time to the extent merited by t^e 

importance of the subject. 9 It has heen felt, however, that in 
vietv of the national aspect of the cetking and by-product 
industry, the autljprs’ continued experience should «be t ♦em- 
bodied as soon as possible, and, ifftonsftcjuence, it has be^gi 

• • t ♦ * 

thought advisab! 2 # to issue the new edition in two volumes. 

TheTirst volume dealing with Coking Practice, *Raw Material * 1 

9 • * • 

etc., appeir* in its present form, Jo be followed the 

second volume dealing with By 'Products. Statistical flatter 

• • $ , • • 

has been brought up to *d # ate as far as possibte, avoiding 

figures abnormally affected by the wJr condition! The 
variofis chapters*^ ^he r first Iditicftf have* fceen considerably 
^mplified/additional yiethods of analyst have been inserted, 
and certaiji physical feg:s Ilave been ^introduced* The illus- 
trations have fm t,hc? most part been re-draWn •Infgtfnerat 
* • • * • * 
the coke ovens and appliances ^scribed ate# such 'as have 

found* 'favour •in the JJnit&J. Kingdom, and the authors# are 
indeloteS to fjie various coke dven biyldftig firms foJ^ecent 
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information. T^he authors haV<j endeavoured as far as possible 
to q'lote references wfyer« matter uutsidc their own experience 
has lieen inserted, an^l strongly recommend a perusal of the 
original* matter^o quoted They conclude with the hope that 
'the seccfnd eejitiop of this wftrk may pla>/ its part hi Bring* 
ing before the public value of the coke a\id' by : produ4 t 
^industries as 'highly essential branches in the rryning, metal- 
lurgical, and chemical industries of this country. 

J. K. CHRISTOPHER. ’ 

id 13Y ROM. 

Mav 11)17 

, PREFACE TO THIRD EDITION 

c 

SINCE the publication of’ the second edition, the conclusion 
of* the 4> European \Var has left an aftetmath of unsettled 
conditions and industnaF^niest in this country which Must 
seriously retard the development of the coking industry. 
4Vkilst endeavouring in this edition to bung statistical matter 

< t ‘ < ‘ ' 

up tcylftc, the* authors consider it adv, 'sable to publish details 

of the mofy- recent designs and methods in the form of 

Appendices t to each volume, in ihe hope Miat the time is not 

far* distant when more stabilised conditions will allow the 

scierdifif and 'ecoytxpic dwelc, pmont of ap mdustry which, 

dnr;ng the recent yeans o\f national stress, Jus proved jts value 
< < , * 
as a action of the key industry of foal carbonisation. 

J. K. f CHRISTOPHER. 

T. II. BY ROM. 

September 1920 
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CHAPTER I 

introduction 

lukl is me solid residue resulting from the destructive 
distillation or partial coi^hustioiT of coal. The ^volatile 
matter is expelled by heat, leaving a residue, the character o£ 
which varies according to the nature of the coal treated, and 
according to the temperature to which the coal has been 
subjected. t 

The object of this “carbonisation” of coal is to obtain , 
from it certain products, *solitl, liquid *or gaseous, each having* 
cfcffaiite advantages over the raw •oal f in the industries in 
which th«y are to be employed. 9 , • 

This book dea^ with those processes of ^lesdructfve*d!$- 
tillation in which the primary obj^t is the manufacture oi 
a solid residue, coke, of *vell defined character physically and 
chemically. In mAny cases this is the sole object, but 
during thJ fast quarter of a century methods of Manufacture 
have been developed wliich, without tacrificing the c^ntial 
quality of the coke, % have allowed valuable products -,-tar, - 
ammonia, beyzol, e*c. — to •tyf abstracted *from the vo^itHe * 
matter evolve^l. # • t f • 

•These have*ay:racted^ gori stonily inerpa^ng •attention,, and , 
of late years there^hJS been a eteaejy^ increase in the nimdpej*, 
W^coking plants recovering by-product A “ Modern* C^ing 
Practice” ftiust therefor^ include this •importaflt#branch of 
th£ industry.# * „ # ## , # % , 

During the last fen years or »o«the%g*is proceed in works 
primarily set out for coke manufacture haS been more 
efficiently dealt with, and^tfoe European W<yr ha& brpught 
hon?e*to*thft coilntry the fact tl*at, after all, hi^h iHunHinating ' 
value is not a sine qua fion in our lightiiTg problttos. 9 • 
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It is ( mord than 1/kely that in this country a calorific 
standard which can f b«*m&t by rcdke oven gas &ill be sub- 
stituted, f and gafs must therefore be considered in Gur lfst of 
by-prqducts. c ( - r 

r fhe rgain product of a coke pladfi is “ metallurgical” of 
c“ fpynate ” oike/ an ( d practically the Whole ,of ft in this 
country is used in biaSt ^furnaces and foundries. The coke v 
’ industry is tehus\argely cfeperydent on the parent industry of 
iron manufacture. . *' ' 

This, js shown ii? FEj. 1, which indicates the effect of 
fluctuations in tfi6 pig-iron output of the three great iron 
producir<g countries of the world. The manufacture of iron 
cjates back to a very early period, charcoal being the fuel 
^chiefly used in the first attempts. In 1619 Dudley en- 
deavoured to substitute coke for charcoal, but his efforts were 
not seriously followed up, apd more than a century elapsed 
before Abraham Darby reopened the question, and in 1735 
successfully used coke in a blast furnace. 

« The invention of s flu^ steam engine in 1781, and the 
introduction of the^ puddling process by Cort in 1784, , gave 
an impetus to.the iron ti'ade, which advanced still further on 
t^bin?rodifttiqn of hot blast by Neilson ?,i 1828. Two other 
.landmarks in the history of the iron and steel industry are 
fhe inventions of Sir Henry Bessemer in 1855 and Sir W. 
Siemens in 1861. These processes of steel manufacture 
’provided ample opportunity for expansion in l ti e pig-iron 
industry, but* they could only deal with non-phosphoric iron. 

The bs.sic process of Thomas anti Gilchrist (1879) was 
l pro^ed capable of removing phosphorus* ahd rendered avail- 
able fpr use the enormous deposits of ore in ‘the Cleveland 
dij^riqt, and < particularly , jn tGdrmany. Thp whole of, the 
4 Gpr*nan steel industry p\ay'be said*to ^aye been built on the fc 
result of this invention of a basic process! . 

The development of the coke industry in reoent years, in 
symp^t£iy with the advance in the iron ihdu.stj*y,T‘s showc in 
Fig. l^and Js t emph^spsedeby the facf that the world’s output 
of coke has v oe,en doubled' within the period covered by the 
clyirj: ; the present annual output? throughout the woi'ld being 
welhcyer ilOO million tons. t ' ^ # » 

, Along \\Mh thisfdevelopment there has been an equally' 
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important change in the proportion qf cf>lte ffiacle # in ovens 

^esijjifed for the recovery *.f by-fjro4u£ts. At the present 
time Germany stands first in this respect, and* approximately 
90 per cent* of her coke is ltiade in “recovery” ovens. In 



the? United ~S^t«s fhe latest official refUfns sho\^56 per # 

cent^ of their coke as being made^ii* by % - product ovens. • • 

, In this country we may estimate a propcyEon of # 75 per 
cent, as* being* made witfi fecovery of by-products# Official 
figufbS sftow*thafc*in Great Britain 25,1514 b^e-hive gv^s’.were 
in operation iTi # 1905, together with 5,5^6 by-p#oduct fjveps, 
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whilst in t 191£# the ng^ res were 13,1.67 and 7fS39 respectively. 
TAere are now aboitf r £,700 by-p^ ocluct ovens in ‘operation in 
Great Britain, < and approximately 15J- million tows of coal 



Fig. 2. 


<T* v A. Coke f&m By Product Ovens-oGreat Britain . 1 T 

* B Sulphate of Ai^rnonia — Great Br am 


* c ^re' treated in by-product o^ehs, and a 5^ million tons in 
bee-lrve ovens. . * t 

• .The phehom^njil increase in. the output of by-prcduct 
cc 106 is shown in Fig. S)] the upper cirwts showing the actual* 
output of sulphate w of ammonia from coke ovens, the krwer 
curve beh£ averaged. 


Thousands ot Tons. 
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CLASSIFICATION Of *FUI»IiS. . 

, _ r * 

j . 4 * 9 

MOST of the operations in tne maniracture of iron and steel 
are dependent on heafc in .sonte f Am br Qthpr. Generally 
shaking, Anything that can be practically employed for the 
generation of heat may be classed as fuel. 

Fuels *nay be divided intq three*classes : — 

Solid. — Coke, coal, wood, charcoal, peat, lignite, etc. 

Liquid . — Petroleum and its derivatives. _ 

• * Coal tar and its cferivatives. 

* # . Shale ofls, alcohol, etc. 

Gaseous . — Lighting #gas# coke o^en gas, producer £as, 

. , # blast furnace gas. water ras. etc. 

They ipay also be clashed as : — 

Organic. 

Inorganic. 

a • • 

Dealing with th^ first* classification, the solid fuels are the 
most important of the series. Apart from beijig thev mos£ 
extensively used in their raw state, they form thp tiaseslrom 
which a great proportion of the Jiquici and gaseous fuels are 
prepared. Thus, coal *ar is derived from coal, whilst all fhe 
gaseous^ fuels, # with fhe exce^Vion of natural p-as. aVe m^n, 
faettired from splid fuels. • 

The output bf* coal t^nougl!oi#t* the wo'nijl fn ]9l:t % was 
•about 1,250 millior^t^is, whilst the output of petroleum tots, 
in*x912 about 50 million tens, or only 4 per cent, of the jioal 
output. Liqtiid fut?J ha*> yiar^ed advanfages overtoil'd fuels 
unefer certain#cc?nditiori£, but unless new oil fields ilis- 
coveued and developed at an rate* the World’s 

industry will inj;he main depend on # so|jd fuel, f 

The solid organic ^uels eyist in pature in* many^variifd 
♦forms, in3 whilst ’there may be imich controversy aS toVheir 
mani^r of formation, we^n^y take it thaf they ar^ all formetl 
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frojn original vegetable matter changed by tac^rfa,! ^ction, 
pre^sure^ heat, etc., toto the particular form in which ^each 
variety is now found *' ( c * 

Tffe change in physical structure ayc^ chemical composition 
. depends 'largely on the geological a^e, a^nd in this respect \y£ 
^may classifyTuefs fr<S>m, vj'ood, which has not ^^frgojie any 
, change, tp antl^acite* iiV which the chhnge in^ physicaj, ancf 
r chemical condition is most marked. „ , . , 1 

The transition is indicated by a gradual increase in carbon 
content '&nd heatijig'valih^ and a simultaneous ‘decrease in 
hydrogen and oxygen content, as shown in Fig. 3, which at:o 
gives an'vipproximate idea of the yield and nature of the solid 

f * «. 

C H 0 

1 WOOD WOODY STRUCTURE 

1 PEAT POWDER 

m 1 ugjHte powder * " 

. ~~7 --"v T- m 1 FLAMING COAL SINTER 1 

rT~ ] GAS COAL ~-yr~' C0KE 

« .. - ---m .KOKING COAL 1 Irim COKE 

: ( uj .lean coal sinjef . - 

s - : ~ ~~ "M3 Anthracite m ‘ r powoer 

I" ----- GRAPHITE " POWDER 

J 1 mo y. — a o — ► -« too % *■ 

Fig. 3. 

< ‘ i 

e- * t 

residue left o f n strongly heating the various classes in a closed 
retort. , " f4 

•Dealing with the above* fuels seriatim — 

, Wood— Th is fuel is not o£ Very grdat importance at the 
present time. It consists mainly of some form of cellulbse, 
and jvhen freshly* cut corttraifts a high prppfirtion of water. 
i.iE*5ri when carefully ?i--dritd it retafc\sM8 to 20 per cent.' 
moisture, and consequently its calorific value is Iow.^'Tt 
ignites ven^ readily, however, afid v usefin in kfydling other 
♦ fuels v*toye difficult to ignite. < 4 

Charcoal -This ic otyamed by destructive distillation of 
wood. The \ield of charcoal is low, especially if the 
temperature employed ( is high.. If completely carbonised, the 
chatcbal Consists* almost entirely of carbon' and possesses a, 
ffigh caloric value. Charcoal ( ha,s been ^of considerable 
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I. 1 # * 

. . ». 

impojtance\in lrun smeiyag, uul win? very iew c^^ptions is 

Tiow» replaced by coal or cfck^. Vh(? Allowing by-prodwets 
are obtained in modern charcoal plemts * 

« Gas. fj 

\ qod f^r, pn^nol^ creoscJte, resins, etc. 
f yrollgrftous ^cid, acetic acid, redone, methyl alcohol* 
c etc* 

Charcoal. * 

Peat.--P cat is a* compact fiWous* substance, v brown to 
Mack in colour. Its composition varies largely according to 
age. As in the case of wood, it is not an efficient C^el owing 
to the rftnount of water it* Jiolds, which, owing to its jpeculi^ir 
physical structure, even in the air-dried material, often 
amount’s to 25 per cent.* The ash content is very variable, 
so/betimes 'as high as 30 per ceift. In spite of The drawbacks 
of* exc£ssivp moisture,-* efforts are being made to utilise iigat 
to better advantage by carbonising it, thereby producing “pe^t # 
charcoal” and quantities of tar, oils, |£iraffin wax, asphalt, and 
power gas, etc. Peat, if treatedj*in fertain forms of gas # 
producers, is capable of giving as much as 90*lbs. of suJphatc 
of ammonia per ton of air-dried peat, along jvitfi as ftiucfi 
• 90,000 .cub. ft. gf producer gas (heat vaftie, 150 B.Th.U. pe7 - 
cubic foot). • • • 

I!ign^;«. — Lignite is a brown earthy-looking mineral, often^ 
known as # “£rown coal.” Itf physical and chemical char- 
acteristics lie betwc^in those o£ pcat f and the tru^ coais. In 
tfce most recently farmed varieties the woody 'fibre not* 
completely fnineralised, and the gases on distiltation *>how*\ 
signs of acotic acid, etc. # OUier \farieties are harder *and • 
darker in colou»^having»lost*t<J^ t great ’«xtdht any^igos of^» 
woody structure, wjfllst the oldest pieties merge into a4*Iagb 
fyteh-like substance called “ pitch coal* The ash confpnt is 
extremely variable, afid4isu&lly on tjieTitgh sidA • « 

Lignite fs not fomad in any great quantity in tjii^^untn*, 
but extensive beds are worked dr^heKjontineit.* In Germany 
about one-thy'd of the c«al^ productions in tfie*form of lignite, 

, anyijoyns the basis <if a very extensive briquette ihdu^try. < 
Bituminous Coals. — Sorrfe of dies* coals •onVburning^ 
soften and 1 swdl like bitumen, and henc^j the titl\“ bituminous” 
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(though y\c^“ '-''*>*/ j iicto feiv^n uv^ wiuu.ii 

includes : — «*• r c t l # f \ . 

% Flatting Coals. -^hong flamj, rich in oxygen, noq-caking. 
% Gvs Coal$^ Caking. ^ 

Cojvirg foals . — Strongly yaking. 1 
t Sham Goalf. — Q,nly ^lightly 5akinc 

• f » 

• The fir*t ;md Vist variety are non-caking; and«do not cffme 
within the .scope of this \york. # S(fme coals of the first varyAy, 
such as splint coals, ar^ us^d direct in the blast furnace, whilst 
the names of the others indicate their special qualities. The 
steam co^ls merge through a scrr<i-anthracitic variety to the 
; true anthracite. , 

# Anthracite is the, most altered variety of coals, befog 
rich in carbon, and having a shining semi-metallic lusjre. It 
is non-caking •■and extremely^ dense, requiring a strong blast t 
for efficient combustion. Like splint coal it may be used 
dWff in a blast furnace. The remaining “solid ”*fuel, coke, 
l is*dealt with at length in^later chapters. 

Liquid Fuels. — For certain definite purposes liquid fi^els 
‘are' extremely convenient^ and possess marked advantages, 
Thoy t hipve a*high calorific value, and* owing’ to their physical 
condition, can t>e burnt with a high degree of efficiency. 
Thus they can readily be sprayed or ^atomised, and thereby * 
brought into more intimate mixture with the air for comjbus- 
lion than* is ,oos*sible with a bed of coal or other soltckfuel. 

Some are Readily vaporised and, ¥/hen mixed with the 
calculated kpiount of air fo» ‘complete lombustion, form an 
explosive mixture utilised in intevtvd combustion engines. * 
*Tne heavier oils ar$ admirable fuels for Boiler firings 
Solid fuels require a certain # c?q:>th on the grafce, and unlq^s 
“the lay<?r is evenly spread* the ^air takes |i Elective passage, 
£rtd une von combustion thl<es place. # This 'depth of fuel aka* 
entail?*a comparatively, strong dnyight aj thu chimney, whilst 
variation^ in the load camfiot always be met Without 'excessive 
heat losses. * Liquid fuel| of^er^the following advantages:— 

1. Econonvy in storage space. , 
g. S&ving.of labour in handling, etc. 

«3 1 Absence of clinkering (no ash). 

„ 4. Varicfole load? can readily be^net. 
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p .• ^fficlbnt combustion, hen£e ldss 'smote, easily 
secured, and l%s^draiigftt*necessary. f • 

( f . No boiler losses ^f used in ^internal ccfmbustion 
% engines. 

k we subject of liquid fuei.^ nas increased ip importance 
during thftdaJt few years t<3 the modern icokft industry. • # 1 
* It is probable thAt in future y tars ■the cr^fe industry will 
depend largefy og internal combustion engines for its market 
for benzol. The use of benzol for t[fls purpose is* discussed 
in the chapters dealing with tlfc re v d?veiy o£ benzol.* • 

% Gaseous Fuels. — These are mixtures of elementary gases 
and vapours, some combustible, others incombustible. Of 
the combustible, some have, considerable lighting effect such 
as olefiant gas, benzenes, etc., and afe usually classed as 
“ illuminants/' or C n II m . Others are of value for their heat- 
]»rc*hicing capacity, such as hydrogen, methane or marsh gas, 
and ’casbon monoxide* The incombustible gases — ca-W'jfc 
dioxide, oxygen, nitrogen — merely reduce the calorific valu* 
of the mixed gas, and are often knows! as diluents. 


Analyses of J/arious 1\ini>s of Gas. 




— 

— 


• 

• 
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7 
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» 

Methane * ! 

33-3 

2S-8 

f-0 

2*2 

3-0 

• 

• 17-0, 

i 1-T 

Hydrogen • • - 

h; 9, 

541 

14 0 

27 5 

5HS 

35-f) 

1 5‘f, 

Carbon monoxide 

o-a 

5 0 

•tj 8,1 

23 0 

110 

4.5-4 

K8 0 

20-1 

Ijjuminants - 

3-8 

2-4 



10-3 


* 14-6 

• 

Carbon dioxide - 

*2-1 

2 b* 


1-0 

3-5 

• 3-8 


Qxygen 

•4 

•4 ! 


• ! 



... f 

•7 

! Nitrogen - \ - 

* • 4 

8-2 

7-3* 

. • 

(IS r) : 5«'H 

v . 

• . 

42:0 

* t 

4 

V3 

1-0 

1 

56-3 

# 1 


• 9 | 

^•coaI gas ; * 5 — producer ga^with ammonia recovery) ; 

2 = coke ove^ gas ; % * £ = uncftrburet^ water ga|(“ blue ”gas) ; 

S~ produce# gas (witl^ut steamf ; 7 = carbure^e^ water gas ; 

£= producer gr> (\vith stc<yij) ; 8 = suction ’producer ga%. 

• # - • ; 1 • * • 

The advantages of gaseous fuels # may /in' general be 

summeef up ash — 

I | v 

1. ’ Better Yegulation of temperature. • 

2. OxicTijyng or reducing atmosphere produced at wHl. 
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3. Higher temperatures cap /be obtained p5y f using 

regenerators).. f f 

4. Shorter chimney's required. 

5. Abs«ijc£of smoke under normal conditions. 

( > : Greater thermal efficiency if* ifsed in* internal .jtJfn- 
Cmsfionvengipes. * 

Inorgapic fii^yS areVif mineral and not of vegetable origfff. 
‘The chief inorganid fuels are f 

Sulphur, silicon, phosphorus, aluminium. 

Sulphiir act$ as^a ftiel Ik th<?" calcination of ores Containing 
sulphur (usually in the form of iron pyrites). In scftne case^ 

• there is sufficient sulphur in the ore to give quite enough heat 
td complete the calcination' without addition of coal , 

Silicon. — The action of silicon as a fuel is a very important 
one. The success of the Bessemer acid process of steel manu- 
facture is entirely dependent on the heat caused by tho 
'i +f tf i oxidation of silicon. In this process some 15 .tons. of 
iholten metal containing 2 per cent, silicon is Tun into a 
A converter.” Air is btown through the molten metal to 


oxidise the silicon and otfyer impurities. The silicon becotnes 
oxidised to^ silica, and combining ivith other oxides passes 
iAto'Tlie slag in the* form of silicates, hfo external heat is 
^applied, and yet aftej* twenty minutes’ blowing the tempera- 
ture is 4 much higher. The heat caused \y this oxidation is 
t equivalent to *that given off by 8 cwt. of coal burning. away 
compfetely ii\ twenty minutest 

F|hosp^orus acts in a similar mannVj in the basic Bessemer 
. process, iTg-iron for this process should contain from 2 to 3 
per Vent. oV phosphorus. The pHosphorift beco # mes oxidised, 
and is* taken up by lithe arvi other basic materials present, 
for!i\ii*g slag. / « t 4 [ 1 • « «, f ' 

* * ^luijrinium is now, actually used &s *a fuel for special 
purposes. Jhe heaf which can be generated is quite equtft^o 
that produced in electric furna£es.\ Alurrfinium*Jias a very 
\stroag\tffiEnity* for oxygen, and if bright ifttQi contact with 
metallic oxid*3 takei ‘up \bfcir oxygen, leaving the metgl in 
an almost pure v state.,* # If oxide of iron be used, the iron pro- 
duced peaches • such a temperature th^t if poured into blow 
holes^n castings,* etg., it aotually fuses the sutface flfthe** 
caking, befoming Welded to it* f For tWs purpose „ the 
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alumitjiCirq mfist be in^fyie granulat stale of division, anc 
mi^t be mixed in definite ^rqportioi^ V> the oxide, acccyrttin^ 
to the formulae : — * ^ 

* ,°.FeO + 2A1 - 3Fc + A1„0 3 * 
Fc < a,t2 Ai =i’ i 'c+’u,a 

3 Fe.,0 4 + i? A 1 = 9 F<; -fc- 4 A I ,Cf,. 


•This mi>*ture is placed in a crfccible cpvcfefVw^ith a smal 
prfcjportion of a*priming mixture of, aluminium and bariun 
peroxide in the following proportion :-r , # 

v * 3HaO.,+4Al = 3Ba + 2Al.'6 3 .’ 


This priming mixture, on beipg ignited by means o 
magnesium ribbon, brings** about a local heat sufficient tc 
start the main reaction. 

Other metals of high melting point, whosc^xides are ver) 
refractory, may be reduccfl by the above process, mich a: 
cliromium, -tungsten, manganese, etc. 
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The impurities in coal af v ; of great importance in the coking 
industry. '-The chiqf are as1\ sulj/hivr, and chlorine, principally 
in the form of sodium chloride or salt. Ash is composed o£, 
.incombustible mineral matter left as a residue on burning com- 
pletely cpal, coke, etc. Its Composition is variable, consisting 
chiefly of silica, 30 to 60 per cent.; alumina and oxide of iron, 
35 to 55 per cent.; lime, 5 to 10 per cent., along with smaller 
quantities of magnesia and alkftlis. wSomeof these substances ‘ 
a.*-^ co mbined with sulphuric acid (3 to 8 per cent ) as sulphates. 

♦ «. An excessive ash content is objectionable in fuels for 
steam raising, as the clinVer formed obstructs the passage of 
s thc air for combustionrand^carries away with it unconsumtd 
carbon' in the form of cinders. The* importance of ‘the ash 
content 'is seen in the coking process, in which most of the 
>oke sold must contain less than 12 per cent, of this impurity. 
The mineral matter is not removed in coking, and is therefore 
Concentrated in, a lesser amount of coke. t “ 

Roifghly ‘speaking, a coal giving 7 per cent, ash^vill make 
coke containing 10 per cent. As far as tfi^ blast furnace is con- 
cerned, oxide of iron in the ash is not <dctrimental, but thq 
» siligaVequir^s additional limestone to flux it. The colqur of 
the ash lY a fairly reliable hidicator of the proportion of oxide oT 
vron,‘f? 4-ep red colour denoting a high control of iron. ( As 
khe i*e>n compounds spring«from sulphide V>f Von in the coal, 
a red ash would indicitc also a high proportion of sulphurTTT 
the^oal, thiv being a 'most objectionable* imparity. ", 

* Su| r piHir t pxists in coal in four conditions : — *' • 

1. j As i»g& pyrites (cd^ldbrasses, iron'bisulphide). 

2. As sulpViate of Jjrrie or alumina. ^ 

3. Ih an » organic ^ form, combined with carbon or 

k i hydrogen. «■ 

i. In ra^re cases £is free sulphqr. 4 
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ftf thgse f %at which ^ccurs in tie fufm f)f pyrites is the 
most injurious, since, on ct>mbu^ioil %>f the fuel, its sulphur 
becomes oxidised to sulphur dioxide, whic*h in [rtesettce of 
moisture tsedbmes sulphurous acid, and ev<?ntually, by further 
• oxPiation, sulphuric* acid. TJiis hafc an intensely corrosive 
effecf on;an } iron f>r steebwith which if f rmty cc*mc in* cop tact, 

^ especially \h<? cooled surfaces of. economiser tube* or otlier 
paTts on which moisture can condense, thus absorbing more 
readily the acid fumes. y * 

t The sulphur in thj foriyi of subulate is not injurious, except 
^liat it adds to the mineraj constituents or asfi of the coal. 

Iron pyrites is also objectionable in this manner. On, 
burning the fuel the oxidp of iron formed becomes, reduced 
to’ferrous oxide, which readily combines with the silica and 
alumina of the ash, forming a fusible mass known as clinker, 
,thp ill effects of which have already been mentioned. 

, -In, coking practice some of the sulphur passes off \vi^ 
the volatile matter, part is liberated by the action of stc^n , 
on quenching the coke* and part regains in the coke. The 
following gives an idea of the <Jpistril>ution of sulphur in , 
carbon id n<j 

• 73 f.:i per cent. 


Durham colying coal 1 : — 
(, a ) Left in coke - 

(b) In gas - 

(c) In tar pd liquor 


19*7 0 
704 


Chlo.iile is usually found in coals as the sodium compound, * 
common ?a?t, the al’iali being an ‘important* factor in the 
corrosion of coke ov8n walls. 'Authorities are nc4.‘ unanimous 
as to the manifer.in which ^refractory materials are affycUM 
h^y arkalis. * In coke oven practice , thc^ oven walls pay 'be 
affected by t*he total soluble >sajt,s, not necessarily chlorides ; 
by the depositions o£ cafbon iq the Jjorcs ol'the brick ; by thc^ 
Volatilisation of ifon in the form* of, chloride along with 
deposition > of iron, pnd # by the decorp position ,of sodium 
chloride. » ‘ * * t , 

Professor Cobb, of Leeds I/njver.sity, gives # the fallowing 
explanation of the action of sal (7 If* coal containing more 

CgAndrew Short, Society of Chemical Industry, 1907. » '* 1 

2 “Refract^y Materials and Safty Coals^ Prof. Jh W. Col^lS, Coke 
Ov$n Managers’ Association, piG. 
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than 05 p?r ccAit. -NaCt is charged /into an ®ven the Avails 
suffer, although a large* afnountf does little damage* if the 
temperature is IcAv. Belo\y HOC 1 C. sodium chloride volatilfses, 
and, ^prnetrating « into the brickwork, combines# frith its 
substance., Near the fade of the brick fn*contaol with th^r£kl # 
Hhe ferrfperatqre ki nf>t sufficiently* hi^h to cause fusion, but* 7 
as we approach^the faee f o( the brick directly f ne^ted by thre ^ 
•Hue gases,' ahd accordingly at an increased temperature* we ( 
arrive at ar point at which the sodium silicate or sodiupl — 
alumina silica compounds begin to^ fuse. This portion 
becomes porous*, honeycombed, and weak in structure, setting 
up disintegration often severe enbugh to cause the face of 
tljp brickwork to fall away in thick layers. The ^authors’ 
experience tends to confirm this* theory, but leads then! to 
believe that a high iron content in the coal is also deleterious, 
and would serve to intensify i f .he corrosive action jf iron anc[ 
j ^ lo r ine were present together. « ¥ . 

. Various observers have found a definite increase in alkali 
and iron content in the corroded' portions of brickwork. 


./ «... « 1 

r 

Original 

\ 

Corroded. Ongi^al. 

Corroded. 

t. 

•> 

Alkalis - . - 

1-22 , 
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Schr^eber 

K„0 

1-44 

4*33 Fe 0 0,l*ir» 

,3*7 1 
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Blasberg 
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•25 
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. . , Fe lit* 

2-51 

Simmersbach 

,Na®l and KCl 

•7 
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Chaney 
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•75 

4-5 F^D s l-r)0 

•7*50 

r 

Byrom 

« 

t’_ 

4- 


% 


Of. v , '•♦* ’ * 

The above afe all cages’ of corrosioi^, add show that salt 
plays a \arge part in tfie destructive effect. Coals with Jess 
1 1 jail ‘*05 pel cent. NuCl db not a^c£r tq have, any serious 
t destry£^*ve action. TU6 quality of the was'hivg w&ter should 
ffiot bd overj^oked, js„ in^njany casek' such waters contain 
excessive amounts of sr c it, and often very considerable 
quantities of sodium 1 Sulphate. «Tne chlorind liberated by 
the decomposition, of salt combines w*ith ainmovia, ffoimingo 
an?mdnium chloride tvhich is volatilised in thl oven, and if 1 

* f < ♦> 
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excess jvfe maj^ give rise^o a thickthing*of the -.t^r in the 

mains, and this is likely lo be\ag^ivated if magnesium 
chloride is present, which is occasionally thd case./ In some 
processes ~5>f ammonia extraction there is a ri$k of sorrje of 
♦thih^ammonium chl&fide beiijg earned to the 0 lead-lined 
saturator, ,;{n .vhich hydrochloric acid mama’ll o/iantity' rrv^ht? 
^b*!? liberated, thereby corroding th$ lead liny^g, and in these 
i cases special ’precautions are taken to remove the ammonium i 
chloride previous to this stage. Corrosion in boiW tubes has 
in some c^ses been traced to ?hlop ie. 



, CHAP'fF.R, IV 

(±>AL WASHINd 

COAL, as it comes fron^the mine, is always contaminated to 
a greater or less d^grde wHh impurities of various kinds which, 
though practically unavoidable, lessen considerably the vajj;e 
of the coal for most purposes. Some of these, such as siliceous 
and calcareous shaley ifiattcr,.. and pyrites, are » actually 
associated with the coal itself, whilst others get into the coal 
from the roof and floor during the operation of mining. It 
is obviously of material benefit, both to seller and consume*, 
these foreign substances can be removed in some way, and 
the method usually adopted is to treat the coal in some* form 
Uf washing apparatus thereby it is rendered more or less free 
from the above-meiVtionk'l materials. There are several types 
of wLshcrs in general use, and it will be /he purpa.se of this 
chapter to describe a few of the washers used in this country. 
t There are many points to be dealt with in considering the 
washing of coal, given an effectual type cv f washer. There is 
the cost in the first instance, then the physical, nature and 
condition of %l the coal itself,* some coals being much more 
friable then others, producing more A ^mails’* in the mining ) 
then the specific giavity of the coal rand impurities, shale, 
pyfttes, etc. Again there may be several kind.^ such, as bone 
coal, vannel, and* shaley coal, in the same seam, and the 
specific gravity these wih probably diffq appreciably «from 
tha* of the main bulk. , The great point to be aimed at is, of 
course, to wash the*coal as completely as possible, remTTTTng 
awnaximtfriA amouiU'of impurity, frith a njinimulrj amount of 
coah*f)ls^‘ng with the dirt. The analysis 6T representative 
sample s of fc!v matea’afi b<*/bte and after \Vashing will give the 
percentage elifainatiotj 6i mineral*. matter ai^d sulphur. It 
mtjst be' remembered fhat even the grlea^est piece of coal 
whith^can possibly be selected is by no means absolutely free 
frtbm^ash ; jn fact, soVne coals picked t as clear? as possibly will 
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contairK fO> cent, or ore of^mineral 'matter.* *Now no 
amount of washing can $xs<>ib1y remove such substyfcc, 
because \J, is ingrained in the ,subsKilice the coal itself, tuid 
nc^oubt got there di^’pg the formatioy of tlie foam ag?s ago. 
In fafct much of it # is rjue to the ashes o£ the, plant's fiom 
jvhich ^the’VoaJ was formed. The .a.mofmt* of *coal pas‘iii]g 1 
aw^ with the dirt should be carefully \fatchc^ aijcj, this may , 
* be Readily done Yy taking intp account the'specific gravity of 
the doal, aiid of the dirt separated frcyA it. 

For the moment ausuma "that die specific, gravity of the 
cc^L i^l‘25, and that of thy shale 2’2, and pyrites TO. It is 
evident that by making a solution of calcium chloride (or 
othqr suitable substance), wi*t,h a specific gravity of lv> to l'T», 
we shall have a liquid in which shale and pyrites will sink 
and coal will float. Hence, if a weighed portion of the dirt 
Lfe taken (500 or 1,000 gm.), pfaced in the above solution, 
and well stirred up, die coal which floats can easily Ivm 
skimfried off, placed in a filter paper, washed free from* 
calcium chloride, dried and weighed, giving the percentage oT 
coaf in the dirt by a simple calculat’/n. »This method, whilst 
useful fot laboratory tets, is much too expensive ^e 
adopted on a commercial scale. In coal washing, water, ft 
.used, an^l we rely on the difference in the' 1 velocities at which 
the various substances sfnk in tvater. Particles sink iij water 
at a gradually increasing speed until they attain a constant 
maximum vplocity, which may*bc approximately determined 
by Rittinger’s formula*: — « 


Velocity ir» f^et'per second = P28 J\) ,{ci— 1)., 

D = l*)iamoter of particles in inches. 

• 1 * , 

<^= Specific' , gravity of maler^ii. 

T2§=£onstant ol^ained a result c»f numeious experiments. 

• * * ' 

‘•‘T’he specific gravities of substances Connected with coal 

washing m^ be t^en^as .*- * * • •• 

Coal* , - - 1-25 to TG0*(avesagc i‘3) 

Shale 


Sh^le with pyrites - 
Quartz - r , - 



5-a 

2-4 

2-7 
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Fropv the abdve formula we s^'that with c simjlsfr /Material 
a^rge piece will s/.fik m watbr at a quicker ‘rate than a 
smaller^and pieces^ of coal, shale, and pyrites of r one inch 
diameter wjl| detain maximum velocj.ies ’76, 1*41, ^nd 
2’56 ft< }jrr second respectively. Thus for particles o^^quftl 
si'a? the velocities ai^ approximately in tfie ratiG of 1, % and 4 
Howevqjj as whe p;fcticlcs contained ill thc r “run # of mrfie v 
coal are of* varied sizes mixed indiscriminate!/*, we often" find 
large pieces of coal and^mall pieces of dirt in close proximity 
and we- tan calculate that thcsTslling^velocities of a two-inch 
piece of coal and a half-inch piece of shale are identical. ^ 

The principle of coal washing is to treat the coal with 
iwater.in such a manner that theimpurities sink to tbe bottom 
of the vessel whilst {he coal is kept above the impurities, and 
it is obvious that in the above extreme case this would be 
impossible. c o * 

h It is therefore of importance tlvat the coal be «corr»ctly 
-screened, and as a rule the diameter of the largest particles 
“should not exceed folk times the diameter of the smallest. 

In most washeifes tye coal is screened before washifcg in 
accordance with the above principle, whilst in some cases the 
•oq'n indent re^ilt is secured by screening after washing and 
p'cwaslung the smallest sizes. There are several types of 
washers in use, and in all of* them*-the ^oal is agitated in a 
good . supply* of water, the agitation being brought about by 
various mentis, viz. : — *• 

(a.) The flow of the \yater itself^ 

[b) Tra\ clling belts and scrapers, etc. 

(c) Revolving arms. *’ , 

■ (d) Pulsation bf the l( water by pistons, or compressed 
v air. f * rt ‘ ( t * 

* The simplest type % o.f washer is the t/obgh washer (’Fig. 4). 
It consists of a trough A, varying*in Jength from abouf*£$ to 
•i^O ft., avion t o ft. wide and 15 in. vieep. At intd^yals movable 
dan*»^(l\) cirou placed. The trough r i 4 s set Vit *an inclinStion 
sufficient totalise the* ne£ei>sary agitatidn of the coal for the 
efficient scpaiVition the heavier shale an<d pyrites. The 
chrtJs ^aughtaby the ejams B, jj.nd at jntervals is run off from 
th<5* , sfde of the trough through the sluice C, after*removmg the 
Tams B. 'jffie washed coal passe^o^er the screen D, the 4 water 
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passin^iiUg lh<* channel ($* s These w^hers* are ofter^ worked 
in paiTs, one* being cleaned AiMvhfistlfcc other is engage^in 
the waslfing opei^ftion. 



Fig. 4.— Trough Washer. 


The TJliott washer *(Fig. n) utilises the principle of the" 
trough, but tlie dirt is removed continuously by means of a ■ 
scraper chain. The working of this washer is more under 



• • 

• Fig, 5. -^Elfcolt Washer. 


I 4 ^ 

control, and can be fcgulated by^ajterfn# the i»®linatit>n of 
the trough and^the speed of the sfcnjper cluftn to suit the 
various 'classes of coal^ dealt .with. rough or p^noiai^ 
^fashrn^ is carried out by dropping the unvviashed coal^iTto 
a preliminary washing fti^leJ^A). The rougher pr larger sized 
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dirt drops betweeft the two plates, is imme c diat£l£ j^movea 
by the scrapers, whils^he/lighte/coal is swept forward. This 


itr> 

U\r 






ai 


toAD Cashing. 

set at Vnclination to stjsf the s ^ ze coa * washed, «etc. At 
the s/me time a shallow wArn # atiacl&l to the inside of, fhe 
barrel gradually forces the hgavier “dirt”* to* the i^per «end 
of^he barrel, \vhere ^t is discharged, ^/fiilst* t^<v true to;*l is 



• • • 

washed overrfh<! worm, and delivered at the tower ap.to 
a drainer. * * • % • •'* • 

The # Robin$on washer* (Fig. 7 ) cor^igts of 3. funnel-shaped 
chamber, the consents # of wtiicji are kept in motion t>y mecftis 
• of revolving*^ms. The water if pumped fri at the bot^ofa of 
the tone, and flows ove^ the edge of the funnel a i A, carrying 
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the wi^hfe^ cod with it. yflie dirt settles t.o tWb bottom, and 
is removed by means of ttfeVnibloKlo.%;d arrangement sh.*vn 

in slcetck 9 # # * 4 • 

In tfl^ foflrth class of \tasher thy coaj ^ agitated by 
currents of wafer setffifi by pistons, pffingers, compressed air, 
'etc. This t>ve, kfiown as a “jig” w*sfcr, ♦hougft more, 
%*pen$ive thaft the former machines* ij a very eflicient erne, 
, thTtype‘shov.«, in Fig. 8 (Coppce lint wajher) being a good* 
example. In tiffs the coal Ts fed into the section A, being 
supported 'by the sieve B. The plunger. C causes aij alternate 



ascent and descent ot,the water unacr tne sieve. - 1 ..e u», « 
thus wjell agjtated*and the* lighter coal is •forced* to the, 40(1 
\4hilst the heavier dirt settles oiUhe street*. 1 he washed eoal 
is earried ovei* the sluice. I* hi Ste washing water, whilst, the 
dir't *s removed 3t*K, by means ofVsJuiycs controlled by the 
Shale valves II an*d JC. .Various mechanical amusements 
such as t^e^crewntonveycif P, elevator (», 'Jtc , are m*:d accorrj, 
in^to the tgpe'of washer to facilitate file removal of j-hl^dirt 
In the Baum waster ’(Fig. 5) the jiringple of # ,t]je ji^isTt* 
utilised, but tjie pulsation of the fratcr is btiought about b) 
means of compressed air.’at.a pressure of ^bout *1 lbs gie: 
.‘sqvfa're inclf. Tfiis is* admitted and rele^ed by tlTe(s;*ecra 
slide valve A* shown inylemil in Fig. Hf * • 
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The resulf'of f this particular derangement* is a rapid up- 
stroke in the washing Action, butyl Mower down-stroke, allow- 
ing^ longer internal for the rhaterials to settle, according to 
their respective gravies. The tough dirt is run offers desired 
by means of tfie controlled sluice B to\he elevator C direct, 
whilst 1 the firte dr rt falls through the' screen to^he bottom of 



Fit*. 11.— Copp6e Felspar Washer. 


the washer, whertce a scrfiw conveyor I) ^liiects it to the dirt 
elevatoit The clear coal is washed^ over the outlet E. Ig, tlvs 
gashing system tl^e «coal is washed fjrst, fhen greened, and 
the spiciest sizes rewaShed. For very snr&U, sizes of slack a 
<bispai| washer is extrercely serviceable, Tleing almgst automatic 
in its action. Jn this ty$e (Fig. If, Copp^e felspar washer), 
thf mes k of the scr6eh A is large enough to allow* ull the 
party’clpS of coal and dirt to^pass through. ' A bed of fthpar 
of* a cize too large t6 pass through the meshed is placed on 


ir 
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the sofein, and on' agitating tne wate.| and, admitting the fine 
slack* the materials tend fo *set tlc .yi th\ following order • 


W : 

Felspar 
Dirt -* 


Specific gravity^l‘3 • 

ji) • * m 

3-4 to 54) 


^ The dirt thus ultimately desc«nds # to th* screen,' * passes 
though it, an£Pj$ collected a J b. The washed coal during the 
“suction” period is prevented from passing through by the 
bed of felspar, and during* the up-s^rol^ is washed over 
t^gate C, and collected. ^ 



In jig washers tl?e length *of stroke and the**number oi* 
pulsations per ftiiaute 1 is regulated according to*the siza eff 
particles treated, a slower speed and Aonggr stroke beiijg ased 
fo& the larger* »izes. 0 •%, » * 

'An interesting development in^coal washing is shown in 
Fig *12. This typ # e of apparatus, know? as the Rteolaveur,' 
i^ the invention <jf IVjess^ fclabets & France, anc^ is used in 
conjunction witfi trough washer. W*ater is^admitt^d under^ 
sufficient pressure <at \ and tf^ jtreayi is dwidefl ijt^tw 
currents by the baffle $ate. ThA ascending, current is at a 
velocity sufficient to couitterbalana? the falling vieIocity # of 
^•coaflpbut is» pot 'suffiAently powerful to lift the pdtf^cl^s *of 
shale, etc. The shale thus sinks, comtfs under»the influence 
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of the d^scen&ng, current, and parses through thp °oij'tlet B 
with an adjustable opening./* The^vv&shing is thus \:ontinfhous. 
The^um^or and- disposition oPthese Rheolaveurs in a? trbugh 
is reguj.ated by^the quantity of c6al dealt Avith, ahd tltef relative 
amount of dirt to be removed. In *some c&ses the shale r 
; vsep^rated at '-die aiov&er end of the trough is ruwasherj in a 
se6mdary trough wijh ‘ Rheolaveurs* spjciall^ adapted (Sr* 
this purpose'. 



CHAPTER .V ’ 

• ^ 

. SAMPCTilG AND VALUATION OF COAL, 
COKE, ETC. 


I.N making a physical o\ chemical examination coal or 
other material, it is obviously of first importance that a, 
representative sample of ijie substance be obtained* It«is 
impossible for one or two small pieces, say of coal, to repre- 
sent fairly an average composition of any particular seam ; 
they may be either too clean ^which is the more lively) or 
tex) shrtley. At the least, several barrows full of coal should 
be taken and roughly broken down, in the first instance, oi.« 
a clean surface, preferably iron or steel. The heap sholild 
tHfcn be well turned over and mi(ed *up, spread out, and 
divided •crosswise into quadrants. Opposite *secyons*>hoyld 
then be taken away, thus halving the total sample. **The 
remainder is crushed smaller, again thoroughly # mixed up 
and quartered, rejecting half This is repeated lentil the 


sample has been reduced to a reasonable quantity, say 10 or. 
12 lbs., wlych should .then b<* crushej), if necessary, ifntil all 
passes through a sigve of alyout -^-in. mesh. •From thi^ 
a small sample taken after^thorough mixing, crushed aom^- 
what smaller, and*a final salnple of 1 or 5 oz. crushed so.as 
tt) pass an 8Q, sieve. It is ^h^u rea(fy fot analysis, afid is a 
faft average sample of tb« mater!al. # \ ' • •• 

Specific Gravity of Coal, Coke, -Shades, etc. — The specific 
|jra\flty of solids insoluble* in ^ater, such as coal, shale, pyrites, 
etc., maybe readjjy d&tenfiined, givqi^a tnoderatefy accural 


bafance and set of weights. The test may be doi*e 0^*^jnall 
lumps or on the powdered matbrijl. *£f lump§*ifre usdd, then 
several # determinations are ^desirable <jr\dififer5nt pieces, taking 
th^ average resqlt as 0 the trye figure. If the powc^re#! sub- 
stance is use^l, only one, or at Xhe most hvo, determinations 
wil* be needful. In Jhese determinations the, principle of 
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Archimedes i^mqde use o*t, nambly, that when a* body is 
submerged in a liquid lores wfifght equal to the weight of 
liquid displaced by^ it. In an actual determination, if- a Small 
lump vs being used, it is suspended by a loop of horse hair 
from one end of a balahce and carefuWy weighted. It is theq 
"^mn^erstd lh watet/ \\\ a glass vessel, supported ron a \yooden' 
bridge (Fig. and ^gdin r weighed. * 1 c «* * 

•* A considerable decrease in weight will bejpoticed, due to , 
the operation of the above-named principle. If VV be' its 



weight in « r , and w/\ts weight in water, then the specific 
gravity of' the solid is — 1 

' , ‘ _ W 

W -LU 

Example: — 

k ' Weight o£ sample in’ air - * - 1G\;42 gm. 

Weight of sample in water - ' 4 098 „ 


Weight of water displaced ' 12 244 gm 


Specific gravit} 


. J 6-342 _ 
lt‘342 — 4 01 8 


In the case of a powdered* samplb it is* of course* im- 
possib'e to use this method, and the use of a specific gravity 
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bottle is necessary. This*s a small bfcttle (Fig* 14) gtted with 
an accurately ground stopper, tijrotfgh which a fine ho4e is 
drilfed* lengthwise, to enable the bottlg to be completely 
(jlled with wliter or liquid* which is^ not* easily dc$ie with 
the solid stopper. It is fir^t caretully filled 
with ^distillefi wat£r and*the stopper i#is<^tedf 
After jcarefiflly Piping off al] *su$)erfluo/5 
liquid from ikg outside, the bottle is wgghed. 

A portion of the water is then emptied out, 
and 1 gm. of the # powdered coal or other 
mineral is placed carefully in the bottle, and 
well shaken to thoroughly wet the material. ■ 

This is not at all easy in the case of the 
coal, and great care should be taicen that 
all air bubbles, which are readily enclosed 
•by coal dust, are completely got rid # of, „ 
otherwise the result will be inaccurate. ,, 

, . . . Specific < iravity 

An example will best illustrate the calcula- .u ( ,uie. 
tion of the result : — 9 

• Weight of specific gravity bottle filled 

4vith wat^r # - - - - 73*408 gqju 

Weight of bottle containing water and t 
1 gm. of coal - - • - 78*745 

(i.e. y weight % of bbttle aftd water left 

* iy after displacement by the coal - 7^'7-^5 •„ ) 

• • 

Weight of water displaced * / -3*498 —72*745 or 

*753 gm. f 8 


A Specific gravity = .*£- or 


^The specific^gr^ivity of lkyiidshnay bc*obtainecf eitlfe^by 
usoof some form *of hycjrometer or by*ncans of the specific 
gravity beetle. «Th£ T^vaddcll* hyditnpeter (Fiy. 15) is jn 
common i^se *n # this country. Th<* readings obtaige^lDy its 
us$ are readily converted jTito*sp^cifi(^ gravity kyVni^tfp lying 
by 5 and adding 1,0001/taking the specific gravity of water as 
1,000), thus • # % 

**If the hydrometer floats atf 5°, tlien taking specific gravity^ 
water a? 1,000* the specific gravity of sample woultf be 



30 


> MOlfERN COKING f PRAUR 
v r ‘ (' 


Jk <> 


, (65 >?'5) cplusf 1,000, or ‘1,325, or takit\g r specific 
gravity of vv^herMs l/the specific gravity of the 
.gamplc \yould be I ‘355. » 

1 X, C t otwers^ly, if the specific graVity 4$ given 
, to three decimal ( places, ‘'neglect^ the decimal, 
* poiht, s'fibl'act 1,000, anfl diviclcT by ;> The^rcsult 
will'Wndicate degrees on the Twadhcll s^ale. A* 
saturated solution of calcium chlo^de at a tem- 
perature of 15° C. contains 4()-f)(j per cent. ’'of 
, .the salt, and has a density of 82*2° Tw., which 
is equal to a specific gravity of 1*41 1 . If the 
specific gravity bottle be used, it is first careftffiy 
weighed empty * and dry, then filled with dis- 
tilled water* at about 1 5° C. and weighed again. 
The water is emptied out and replaced by the 
liquid whose specific gravity is required (tjie 
temperature being the same as that of t|ie 
water), carefully filled and weighed. 'The results 
Ko.Ts. give the relative weights of equal volumes of 
Twaddell water ami thfc liquid to be tested. From this 
Hydrometer. ^ S p cc jf} c gravity is readily obtained. Thus : — 

• *Weight"of pottle filled with water - 45*438 gm. 

Weight of bottl'e (empty and dried)- 20'652 „ 


Weight of water 


- S24‘786 


WeightNjf bottle filled witli liquid . - 50‘67'2'gm. 
Weight of bottle (empty and dried) - 20*652 „ 


30-02G, 


Hence the specific gravity, df the liquid is 

;so-020 . , r 


^ 4 is often imporfaht to determine the amount* of moistufe 
in coaj, <s even that which is freshly mined contains apprcci- 
abie^amounts, usually Jfom^. 2*4o ‘5 per cent. If the mineral 
has been exposed to wet vVeather, it 4s very likply to contain 
more., So'me coals will ( take up 'and retain more moisture 
thkn others, owing Jo their physical condition. To ascertain 
the«arrrounq affair average sample is taken and crushed dqwn 
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to not *lo^s -than \ in. Jn size, a '^eighed "quantity taken 
(say*100 o*r 250 gm.) ancf* dried* fof three or four hoiys at 
a temperature of 100° C. in # a water ba^h, allowed to cool, 
^id the loss a*sccrtained by weighing. , 

» If the sample be Adduced Jto a very fine con^litkm, it is 
liable *o lose*other # constifuents than mf>isuirc # on prolonged 
bating,* even at *100° C. Akso fyritcs^nyiy beconu 
oxidised. A ^fer plan, an^l one which is useful as a check 
is to expose a weighed portion under a bell-jar* desiccato 
for at least twelve ho^rs, and weigh the lcjss due trt«noisturc 
which is taken up by the |ulphuric acid or calcium f chlorid< 
used in the desiccator. In this way there is not the sam< 
danger of driving off eas^y volatile substances along witj 
the moisture. 

Estimation of Ash in Coal and Coke.— The amount o 
a.4i contained in coal or coke may be determined by taking 
a .weighed portion from the finely powdered sample an< 
igniting it carefully, cither over the straight Buns^ flame 
or preferably in a gas muffle, cautiously and gradually* a 
first to avoid loss by decrepitation, Increasing the heat unti 
finally a*good rc<i heat i* reached, combined with a identify 
air supply. It will be found that coal burns $ff more quftkV 
than coke. In the case of hard-burnt etike the ash shoulj 
’be weighed until i’4 ceases to lose weight. 

V^hen a coal is completely burnt off it ceases to glow 
but it is not easy to judge a c«>ke in this way, anJ esjJbciall; 
if the ash is* high, as $is protects the small particles of har< 
coke from oxidation, so that occasional careful" stirring i 
desirable. $mali* porcelain* crucible lids,* about* If in.* ji 
diameter, are # very suitable jor burning otf coke or co&l. I 
will Jae found 'that if pj^tinum Vessels ar^ ufced, the •rgeta 
becomes brittle and cracks after a .time, probably due t« 
prolonged heating in, contact with carfton. After all th 
ca'rbonacepuS mat .ter has bee’n oxidised! frhe ash i* careful 1; 
brushed out .of «thr dishes, when cool, on to fche bjlaftc^pai 
and. weighed. Thifc, i # f 1 gm. c f <J>al%ave arfc.ash wcvghirij 
*087 gm., percentage of trsh in the*coa^ would be lOOx’OSI 

or 8 f 7V er c< ^ nt ' * , * • . . * • 

• The colour ‘of the ash should be noted. Since 'all* tfi 
mineral matter which is^ii\ the original coal, wiflj the dxo»p 
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tiog of s6me of th£ sulfl lur, remains in the coke, it is obvious 

thaTthe ash in the cokeSs liighei* than that in the coal from 
whith it is made. For instance, if a coal contains 7 per cent, 
of ash, and fields 70 'per cent, of coke, the ash in the latter 
will be 1 1 of 10 per cent r 

Estimation of Volatile Matter.— The volatile mutter in 
coal is tha f portion Which is driven off or volatilised, when 
the fuel is heated out of contact with air. It 'usually includes 
some portion of the sulphur which is present in the coal, and 
it is generally taken that about 50 pe** cent, of the sulphur 
is thus driven off. The volatile matter is estimated by 
heating a weighed portion in a closed crucible, without 
admission of air. One o°r two^ grams may be taken and 
gently heated over a Bunsen flame until smoke ceases to 
issue from the crucible ; it is then quickly transferred to a 
muffle furnace at a good reel heat, the furnace door closed, 
and the heating continued for two and a half or three minutes, 
aftqr which the crucible and contents are removed, placed' 
under a bell-jar desiccator till cool, and then weighed. The 
loss represents volatile matter, and the residue, coke, i.e., fked 
carbon, oughtnot to contain any volatile matter, bv.t usually 
a slight amount is present, say from *5 to ’8 per cent. 

Estimation of Sulphur. — The sulphur in coal and coke 
may be estimated by — 

(a) The lime method, or 

( b ) Tschka s method. ‘ 

[a) Weigh off carefully 1 gm. of the fuel and 1. gm. of pure 
lime, on which a blank estimation for sulphur has be^n done. 
Moisten to a fairly stiff paste }vifh distilled water, and mix up 
intimately with -t spatul^i "or glass .rod, being careful to av'oid 
any loss. Dry slowly in- a water bath c; under a hot plate, 
and place in front of the muffle furnace for about half an hour, 
giving free access of air. Af{e.\vards heat stVopgly in the 
pyTrie fcr a further half hour. By this treatment the su?phur 
in the fuel r, bocomes concerted into sulphate of lime. After 
removal^from the furnace and cooling, the mass is transferred 
fon'»p)e f ely to a small beaker and moistened with distilled 
water. Sufficient hydrochloric acid, containing" a few drops , 
of bromine (both free from sulphur) is added to dissolve the 
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calcium Sujphate and excess of lime.* Th£ sdfutioq, is then 
boilec> and filtered. Aftei* \t%shin$ th« miter paper, the filtrate 
is boiled^ and while boiling a hf)t solution yf barium chloride 
is added* £autibusly. This reacts with the ca^cii^/ sulphate 
ip solution, forming barium sulphate, which is precipit£tecf as 
a heavy, white«powd£r. * 9 ^ • 9 * # 

* • It Should be allowed to settlp ‘ccqnpletey, which will 
probably take p Jew hours, then filtered off through Swedish* 
papbr, taking care that none passes through the p»res of the 
filter. It is finally washed and dried, ignited and weighed as 
barium sulphate (which contains IT?. 4 ! per cent, of sulphur). 
From this the percentage of sulphur in the fuel may be 
readily obtained. Thus 1 gm. of coal yielding a precipitate 
ofbaVium sulphate weighing"*! ‘J gm. would contain d^xlTT.'? 
gm. of sylphur, equivalent to KMT per cent. 

\ £b) In Eschka’s method L gm. of the fucMs taken, finely 
divided gmd mixed in a shallow dish with about 1 gm. of pure 
calcined majfnesia, and about 4 gm. anhydrous ^sodium 
carbonate. The mixture is then covered with a thin layered 
magnesia (about ^ gm.) As in the cAse of the lime method, 
a blank determination oftl^e sulphur in the material use^must 
be made, and the weight of barium sulphate obtained (if a.'iy^ 
deducted from the total weight obtained. « The dish and the 
Contents are plated in f^font outlie muffle furnace ‘for about 
three-quarters of an hour, allowing free access of air, then 
finally heated somewhat more # strongly for fifteen t > r twenty 
minutes. ATttr removal from the muffle and covling, the 
contents of the dish are carefully transferred to a l5hakerpnd * 

hot distilled wate?r *added, wtojl a few drop* of bromine a»1d * 
» # « 
hydrochloric acid, boiled and filtered clear of insoluble redd tie. 

After .washing* the solution obtamod is boiled u«p and b.yi^m 
chloilTle added, as' ig the lime ijietlujd, to fofm a precipitate 
of ba^um sulphate.* The .subsequent operations are'earried 
ouf as in method (a). Jn t|ps> method tl fc ^sulphur cf the £uel 
becomes converted into the sulphates* of rryignesiugi .and 
sodium, both of whicV are ^>luWe*in»^ater. T|ie # brpmine 
oxidises any sulphides that may have* been forrrved to sulphates 
as in (a) a . 

• \f1ien coAl is* Fieatett in a closed oven o/ retort, a*s in 4ht; 1 
varic^is methods of’cokine, it is said *to be Jubipctod \o 
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destructive distilhtiorv ft is broken up into a c n r umber of 
prbducts, solid, liquid/ 1 and. gaseous, the proportion of which 
largely depends upon the temperature employed and the 
nafurt of particular coal wnich is being 'carbonised. If 
the temperature is high the products are mainly gaseous. On 
thq other nand, if tae temperature is low, heavy tarry, liquids 
arc formed, \ hich retain, various solid substances t eiiher in 
solution or suspension. Under normal conditions of coking 
the volatile hydrocarbons are almost completely expelled. 
A well-burnt coke ought not to contain more than 1 per cent. 
Df volatile matter. Along with the volatile substances are 
Dther gaseous products, such as cyanogen, ammonia, carbon 
dioxide, sulphuretted hydrogen, and free nitrogen. 

All coals contain more or less nitrogen, the content of 
nitrogen in British coals varying from about ’8 percent, in 
some cases to' nearly 2*0 per cent, in others; and otjizr 
zonditions being equal, the yield of ammonia in qny goal 
distillation in general varies with the nitrogen content of the 
:g&L 

If, however, a cqal is only partially gasified, as in the gas 
*etort or coke oven, a portion of tlie nitro^yn remains in the 
'oke in a rather stable condition, and is thus, under ordinary 
zonditions, unavailable for the production of ammonia. 

The proportion of nitrogen converted into ammonia has 
ueen investigated by various observers, and results of four 


nvestigations 

arc given 

below • — 





1 Foster 

‘2 Knublau< h 

3 M‘Leod 

4 Short 


' 

(Knghsh Coals) 

(German Goa's) 

(Scott h Coals) 1 

(IhuhamCoals) 


’ - 

Pc Cent 

Per Cent. 

Per Cent. 

Per ( ent 

Per C ,nt. 

In coke 

f 48 68 

nob 1 

58-3 

43-31 

50-5 

As cyanogen - 

it 1-56 

2*0 

1*2 

M3 

:t*5 

In tar ,,- 
In gas(free N) 

| 3T26 r 

30-0 | 

3-ff 
• 19-5 

2-98 

37 12 

3-5 
' '29 -O' 

As* ammonia 

1Tb 

t 

13'0 „ 

171 ' 

1016 

15 '0 


'TO' 


Under modern conditions coke ovens attain a higher state 
of efficiency than th'e ‘above, and 16 to 17 per cent.- of the 
rfitrogsn content of the coal has been* recovered as ammonia. 
,* The yiekd of amriionia at coke works is afTecAed by several 
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factors, the*main being (^^emperatui^ of 'coal distfllatiop ; 

(, b ) duration of distillation pefiod ; \c) presence of extraneous 
bodies ; TV) exposure of gases % to heat. • y * 

%(#) With reference to the temperature erf flistiU^tiw, 
«speriments by L. T. W # mght g£we the following re^dt^: — 

•» T»mperatur«. 

i Very low - 
• Low * 

Moderate - 
High 


Yield^of*Si^lphate oJfAmmoma. 
16*4 lbs. per ton ol'coal. 
184 
204 

191 ’ 


Mayer and Altmayer also obtained the following results 
with different classes of coal .v- , 


• 

“ temperature. 

• . 

♦ 

Lhs. Sulphate of Ammonia per £>n of Coal 

1. 

2. 

3. 

* 

4. 

wo j e. - 

700° c- 
800° C. - 
900° C. - 

1,000° c. - 

• 

7, N yi coal - 

12 G 

23 4 

^ 25 8 * 

21 7 

• 

% M3* 

8-1 3 

1G G 

21 *3 

20 6 

1 32 

• 6-8 

14 7 . 
1G 2 

17 3 * 
15*7 

99 

s 

6-1 

7 i 

• 9-5 # 
8-9 

•r>i 

— * — — 

7 0 Ash in coal,- 

4*3 )• 

Vf>3 

» 21 08 

11*61 


» 

1 . * 


.. .1* - 


• > * * * 

Fron> the above we may g.ttheHthat at low temperatures* 

the # yield of ammonia is relatively low, gradually improving 
as thfejemperaturefises, a'jd then on jeachinfj* a temperafi/Te 
between 800° C. andf900° C. we' arrire* at a point at^which 
the higfher temperature. is ‘beginning to # have an effect in 
dissociation, .and oufyidd oftammonia lights to decrease. • 

As we.haVe already s^en, some 50 percent* of, Vir 
nitrogen is left in * the coke ?n Ja wldl-fixei ♦condition. 
Prolonged heating tends to^expel soijie^of this, but unless 
other^jo’nditions assist Jhe union of tViis free nitrogeyi *\kh* # 
hydrogen, an Appreciable increase of anyncjnia yield is not 
appartnt, and the diminution of the output of the pven o? 
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refort inight more fhan counterbalance any '*gain from 
ammonia. * ' ,J 

\c) Experiments on this qoint go to prove that the 
addition of 'certain outside bodies to a mass'" of coal during 
distilkctiop has^a marked effect 0T1 the Ammonia yield, 
soine bodies being favourable, others feeing ^decidedly un- 
favourable* tl ' 1 , 0 k * 

Thus an addition of free nitrogen, calcium-carbonate, lime, 
or steam appears in each case to increase the yield, whilst the 
reverse Effect js npted on adding eithenof the following bodies : 
carborr dioxide, ferrous carbonate, ferrous oxide, or ferric 
oxide. The beneficial action of calcium carbonate would be 
.largely neutralised by the corrosive action of the calcium 
oxide on the expensive brickwork of the retort or coke oven, 
shortening the life very materially. The advantage of a steam 
atmosphere is best seen in the Mond gas producer, in wfcfch 
a yield of about 90 lbs. of sulphate of ammonia can be.'ob- 
tained'as against, say, 24 lbs. from similar coal in coke ovens. 
* The deleterious effect of iron compounds on the ammonia 
yields should also6e noted. In this respect the amount of 
^ash fw a foal/and more especiallyrthe corrypcsition ef the ash, 
*'may have a marked effect on the ammonia yield. 


- (d) Exposure “of gases to heat. If we pass a current of 

dry ammonia gas through a heated -tube decomposition takes 
place: Ramsay and Young found that, with a porcelain tube 
filled with- pieces of to porcelain, ammonia was decomposed to 
, the exteht of 69 5 per cent at a temperature about 820° C. ; 

, whilst with an iron tube filled with the same material 100 
•percent, of the ammonia was 'decomposed at*a temperature 
of 7&0° C. ThesG results appear contradictory to our previous 
statements, Kut^in this % we must .consider^, the protective in- 
fluency of other bodies. Inf coke works’ practice we tiave a 
considerable amount of water vapoui; evolved with the gases, 
and taking this mto Recount w»c can cdjculato that in coke 


wG9*k^ practice each cubic foot^of ammonia evojved is accom- 
panied by ? 70 cub. fti o\" fixed gasds, water vapour, etc. 
Considering the velpc[ty at which these gases are withdrawn 
)ro.n t,he ovens, there is very little time t for dissociation to 
take place. At 'the same time it is fin f undoubted advantage 
to keep tKe exit passages as cqol^as possible, and irk good 
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coke overt practice this poiht is considered, in*arran$ing the 
side flues, so as not to unduly health® crown of the oven. * 
Estimation of Nitrogen in*Coal and Cpke.— The method 
most suitable fs that known *as the Kjeldahl jpr^css^vhkh 
consists in heating the# finely divided material with concen- 
trated sylphuric acid in presence of mangcJhciJc dioxide.' l # he 1 
effect is to destroy a$l the carbonaceous and o;£anic matter, 
# and at tFie same time to convert the whole of tl*e nitrogen* 
intcf ammonium sulphate. On then adding a moderate excess 
of sodium hydrate solution, and distilling into a •.standard 
solution of sulphuric acid, the amount of ammonia liberated 
is calculated from the quantity of sulphuric acid neutralised. 
As to quantities, 1 gm. of coal is a suitable amount to use. 
Heat* with 25 to 30 c.c. of strong sulphuric acid for half an 
hour. -Chen add 5 gm. of manganese dioxide and allow to 
b<iil for forty-five minutes, and a further 5 gm. •heating finally 
Tor .another forty-five minutes. Allow the mass to cool, and 
very carefully *add a little water. Rinse the whole out into a 
copper flask (glass vessels are useless), Sid ding a solution 
sodium hydrate containing about 25 £m. ^f the solid. Distil 
into a solution ofnormal sulphuric acid ; about 15 c.c. cjjjutcd 
is usually sufficient. Each 1 c.c. of acid neutralised represents^ 
014 gm. of the nitrogen. It is advisable. to make a blank 
determination on* the materials used. 

A modification of the above which can be recommended 
is to use 10 gm. of potassium sujphate instead of the'mangan- 
ese dioxide. * *In each case the heating must be continued 
until a clear, colourless liquid is obtained, and for at* least pne 
hour afterwards. *14 the dealing takes an unduly tang tim^ 
it is most probable that the original material has not *befcn 
sufficiently finely divided, and an* agate njortar should ^bc 
used."* Coke is usuklly more difficult Jo decompose than coal. 
Pear-shaped flasks with loqg necks arc especially suitAble for 
the'decomposVtion. . , % * * , ♦ # 

Coking Power* of Coal. — -This irfa)' be determined, by 
heating a portion with Varyijfjg arfncamJs^of sand,,, The [more 
sand a coal can be mixed with, artd still retain its coking 
power, the better its coking*quality. *The nutpber ctf gram# 

Of sjfi!d per gram* of cfoal forms 4 a standard of compaVis^n’. 
At tfye bottonTof such a scale we should* find the%nop-ca«king 
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coals, such as authrajite, while a strong caking* coal would > 
give as high a figure ai 14* or la. r 

9 An improvement on the a'oove method has beeft devised 
by Df Litvin, 1 He substitutes crushed anthracite for (he 
sand ,jn Campredons test, passing, 1 the coal to be test^cj . 
tlvrou'gh a ’ haff-idillimetre sievd, whilst thd anthracite is 
powdered scV as to •pass. through a millimetfe me^sh'and* t>e 
retained by a hajf-millimetre jpnesh. The fvarious mixtures* 
are coked in covered crucibles over a burner, but the writer 
prefers use, say, five mixtures of ^-4, 1-8, 1-12, 1-16, 1-20, 
placing 8 gm. of each mixture A in porcelain crucibles, each 
1 in. diameter, and packing the five crucibles in one large 
^porcelain evaporating dish with charcoal. The evaporating 
dish is then placed 'in a muffle at full red heat for half an 
hour, withdrawn, cooled, and the residues examined. With 
the proportiohs given above the writer has obtained quite 
distinctive results. The mixture, which turns out .coherent, 
but cat? be crushed to powder by very slight pressure, is taken 
.T'S the measure of tfib “ agglutinating power.” 

The determination' of the amount of soluble chlordes 
(common salt, etc.) in coal and^coke njav be effected as 
«. follows : — b 

From 10 to 20 gm. of a representative sample of the 
material is crushed to a fine state o,f division (passed at least 


through an 80 sieve), and boiled for an hour with from 100 
to 200 c.c. of distilled water^ This should be d6ne under a 
reflux condenser, or v the water may be renewed from time to 
tirpe to ‘compensate for 'evaporation. The liquid is then 
filtered, 4nd the- residue wasKcd carefull> several times with 
hdt water. If deoirable, that is r if considerable quantities of 
chlorides are anticipated; the filtrate and washings rpay be ‘ 
made up to a definite Volume, and an , aliquot part uSred for 
the titVation. I ^preferable, the estimation may be done on 
thfctotai filtrate. „Thc solution yusthe feutral, or preferably 
faintly alkaline, which’ can be effected by'the careful addition 
of dijute solution of isAdn.nvcafgonate. »- 4 

The process of estimation depends upon the fact that 
when silver nitrate is added to a Solution containing a ‘chloride 

c* , « • « •** ; 

J “The Agglutinating Powei , » of Coals.” J[. T. Dijnn, D.Sc., F.I.C.# 

J our\ Soa C£em. Ind April 30, 1913. 
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and a chromate, the whole of the former, is precipitated first 
befo*re thef chromate is thrown glovPh. Further, the chlJride 
is wlifte, whilst the chromate*of silver is yxl. The chrojnate, 
therefore, serves as an indicator of the exar % t nrftmefit \^hen 

♦ all the chloride has bt^n thrown out of solution. Therefore, 

9 by using a standard solufion of silver lfitrate/aff estimate of 

the *anjount # of cliloride present# is easily calculated. # By 
dissolving 23 0|f gm. of crystallised silvej nitrate in distilled 
water, and making up the solution to 1 litre (>,000 c.c.), a 
standard is obtained 100 c.c. of which are equivalent to 0 5 
gm. of chlorine, />., 1 cc.^=‘005 gm. Cl. * # 

By means of a burette, graduated in ^ c.c., the above 
solution of silver nitrate is run*into the solution containing 
chlorides, to which sufficient potassium chromate solution 
(free from chlorides) has been added to form a faint yellow 
colour. At first a milkiness is produced ih the liquid, due 
to the* precipitation of the white silver chloride. The solution 
is kept well stirred with a glass rod until the red chromat^ 
of silver which begins to appear just becomes permanent 
thus denoting the complete precipitation of the chloride 
For example, -assuming* that 20 gm. of coal arc ta^en, and 
that the total solution obtained as describee^ requires 4 <*c t of 
standard silver nitrate to precipitate the chlorides : 

Then *005x4='02i) gm. Cl in 20 gm coal, etc. 

= 100 gm. Cl in 100 gm. coal, or 
010(iper cent, chlorine. 

This can be calculated into sodium chloride, knowing that 
35‘5 parts by weight of chlorine* are equivalent fo 58\^ par?s 
by weight ?f soaium chloride. # * * • 

• This filial volumetric deamination cun be so quickly and ■ 
accurately m*ade that tb£ gravintetric metfjod is seldon^used# 
If if is desirable^ the chloride pje g sent in solution can be # 

' prefipitated as silve/ chloride by the Addition of a slight 
excess of stiver pltrnrte sedition. * • • # 

* The silver chloride comes down a*s a wldte curdy-looking 
precipitate, which*gradually tutn^ to*ai bluish grey in presence 
of daylight. When settled, the precipitate «‘s filtered off and 
washed w # ith hot wjLter 'several tiyaes, then careTulky ^d§ied, # 
heated to ^low red heat, and weighed. ^ This must not becTorte 
ir#a platinum, vessel. t 
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In c^culatmg .the Result every 143\5 parts by ^weight of 
silver chloride are equivalent to 5tfb parts by weight of sodium 
chlcydde. The totg.1 chlorides tire estimated finally by either 
of J.he»'ab(Kv methods, but in order to get the whofe of tty? 
chlorine a different initial treatment i.VnecessaPy. r , 

- JTdm i trt 5 gmV of the finely 'ground* material is*- mixed 
intivnately witV. 10 tod 5 gm. of lime, as flee as* possible fro/n 
chlorides. It is a,n advantage, ( after mixit^g well, to add 
sufficient distilled water to make a stiff paste when stirred with 
a glass vml. The mass is slowly drie^l at a sufficiently low 
temperature to avoid “spitting” ^nd consequent loss. It is 
now roasted at a low red heat at first, then somewhat hotter, 
until all the carbonaceous' matter is destroyed. Excessive 
heat must be a\oided, Us it will cause volatilisation of chlorides. 
When cool, dissolve carefully in dilute nitric acid (about half 
and half) free fi'oni chlorides, add a moderate excess of sil\$eV 
nitrate solution, heat to boiling, allow to settle^ filter^ off the 
precipitated silver chloride, wash thoroughly with hot water, 
dry* and ignite, finally\veighing the silver chloride. Calculate 
as pieviously described*. An alternative method, and for 
several. reasons preferable, is to boij the rn^r which ^remains 
r Vttfr burning of[ the carbonaceous matter, with distilled water, 
which dissolves out the chlorides. Filter off from the insoluble 
lime, etc., and determine the chlorides in ,thc filtrate either 
volu metrically or gravimetrically as previously described* In 
all thevc cases it is most important to make a blank determina- 
tion on the whole of the materials use^i — minus' the coal or 
‘cokq, ‘ ' 

“Though the proximate analysis of co&ls is t usually the 
one* adopted for practical purpos.es, showing as it does the 
amqpet of ash, ^nolatile hfydrocarfypns, fixed’ 1 carbon, /:ctke 
yield, and sulphur, it is ‘occasionally de^’rable to make an 
ultimate* analysis. Such a test, givjng the total oft bon, 
hydrpgcn* and oxy.gdYi, in' addition to» the resffit^ obtained 
in a proximate analysis, enables one to classify the fuel urfder 
certain! heads, r thougb borjimtrefal considerations must .also 
be taken into account iffi such classification, such as coke 
yi<dck vohhne of gas, amount of tar and ammonia, the 'three 
{after 6f \vhich cap only be» satisfactorily determined fiy a 
tes<L rrvade.oiya manufacturing scalp, or under circumstances 
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as nearly’aa possible approaching practical u^orlJing conditions. 
In ortler ta make an ultirifate a^aly^is, careful preparation 
and Special apparatus are required, otherwise the results 
n^ay easily b£ utterly misleading. A certain ^tmo mt^of 
experience in chemical •jnanipqjation is also necessary. The 
apparatus (Fi£. 16) ftiay betlescribed as foflows polce^iin 
of harfl j^lass cbmbuftion tube K is $upp$)rted oi/a combustion 
' furnace, which ^’s supplied with Bunscij burners suitably* 
arranged for heating the tube and causing combustion of the 
coal or other fuel uncj^r examination. To each eiuj of this 
tube is fitted a sound corl^ bored and well fitted wijh glass 
tube through the centres. The fuel, which is being analysed, 
is mixed with copper oxide and heated, gently at first, then 
more strongly. A current of air or oxygen is passed through 



the tube, tether under pressure the end ll, or by arf aspirator, 
which draw£*air or oxygen through tht apparatus from the 
other end c. The incoming aif dr oxygen must be purified* 
by passing throil^h washing* towers r and Q. Th« first ccAi- 1 * 
fcyns potassium hydrate to remove carbon, dioxide, the other 
contains pumkc stone soaked * with strong sulphuric t yid, , 
which will retain Vny mofsture* Tile purified air or oxygen, 
assisted by the cupric ox # ide with wfiich 4he fuel l^s been 
mixed, ensures complete c^mbustlbn of* the fuel, tfce carbon 
being converted to carbon dioxide ancf the hydrogen trj \yater. 
Any combustible, sulphur cdmppu^ds* jre at th(j sam£*time 
converted to sulphur dioxide. Soitie lead chromate or lead 
peroxide mftst be packed loosely in # thfe combustion tube jn 
# *ord5P to retain 'this <hlphur,* otherwise it # will be «ib«crfx?d # 
finally in thd* potassium hydrate tube a!oner wiBi the carb»n 
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dioxide# and M giv£ t 09 high a result for the carbon. The 
products of combustion arf weighed after absorption in tubes 
C gnd E, which qontain freshly dried calcium chic* Me and 
st^on^ sdkitfon of potassium 1 hydrate respectively. TJie 
calcium chloride must be fjee fropa lime ^calcium oxidj*),^ 
otherwise Vomc of Vhe carbon dioxide wcfuid tte retained in C, 
giving too h>gh a result for the hydrogeh and* too low 4 for the 
• carbon. The gagi in weight of tube C jj.s due to water« 
produced 1 from the hydrogen of the fuel, and water contains 
111 percent, of hydrogen. The gaip in weight of tube E is 
due to r carbon dioxide from the carbon of the fuel, and carbon 
dioxide contains 27'2 per cent, of carbon. The object of 
mixing the coal with copper oxide is to prevent the carbon 
being incompletely 'oxidised, jfnd forming carbonic oxide 
instead of carbon dioxide. The former would, not be 1 
absorbed by the potassium hydrate in tube E, and con- 
sequently too low a result would be obtained. Thp roqtine^ 
of the analysis may be summarised as follows :~ 

1. Weigh tubhs C and E very carefully. 

2. Heat tub£ toVlull redness, passing a current of pure 

^ ai r or oxygen through it, C andjs unattached. 

3. Allow end K of tube to cool. 

4. Fit on tvbes c and E. 

5. ‘Insert porcelain bo,at M with T5 to *2 gm. of fufcl 

previously dried at 100° C. , 

» 6.' Couple up tubes p qpd Q. * 

7.i Pass a sloV current of air or oxygen* through the 
' apparatus, and* lfght the gas under the combustion 
4 tube* gradually hc?,t to a dull- rl?d. ^ 

8. Gradualjy increase heat, taking care not to fose 

the lead chromate. * * * 

9. Allow’ the prdeess ,to proceed for half an hour at 

* least. ** K * 

10» Disconnect tub£s C and E £cloging their ends with 
, rubber tube and glass rod), and weigh when cool. 

e oxygen is estfriiatcd by dififereiice* ^Sometimes oxygen 
and nitrogen «are taken 4 together, but this is unsatisfactory, 
<^mte rehable piethorfs being available for the estimation of the 
lattciV * The amopnt of oxygen varied cons'idenlbly, ancDis af t 
great importance in the selection of coal£ for coking purposes. 
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CALORIFIC POW^R 

The calorific power <jr heating value of a fuel, anrj f hence its 
evaporative power, can be determined by*scvdral methods, in 
broad principles the same, namely, the combustion of the fuel 
in oxygen (supplied either in tlae 
solid or gaseous form), find the 
measurement of the heat thus pro- 
duced. It is possible also to calcu- 
late tfoe calorific power from an 
elementary analysis of the fuel. 

The results, however, do not agree 
v$ry closely with those found in a 
practical test. w # 

In the Lewis Thompson calori- 
meter (Fig. 17) a weighed portion 
of fuel is takefa and mixed w.ith a 
suitable proportion of a mixture of 
potassiufti chlorate and potassium 
nitrate(thre£ parts chlorate to oneof 
nitrate), this supplying the oxygen 
necessary for tHb eombustidi/of the 
&iel. After thoroughly mixing, the 
rnasp is transferred to the sihall 
copper cylinder* ^ ancf a fu^ in-* 
sert^d. (The fu.^ is made from 
cotton wick strgne^s, soaked ill 
potassium nitrafte solution, and * 
dried.) The coppe/ cylinder # fit$ 
on a base H, on which three spring ___ 
clips are ftoed. Over all*a copper* 1 £ ^ % 

cyflhder C*is»^ccu&d by* these F g. IT? » 

cliys, and tube* D, with a tap Le^vis Thompem Calorimeter. 

43 * 
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attached^ forms f thq. outlet. ‘The wHole apparatus is,cbntained 
in a^glass cylinder E. in *pakiit§ 3. test a known quantity 
of water, usually 29,010 grains, «is taken, and the temperature 
ca^fully nteed, by a thermometer graduated hi tenths of a 
degree Fahrenheit. Thirty grains of {he fuel mixed with teg 
“'to tjvelve t ikies its \^eight of the oxidising 'mixture are*. placed 
in the smallerhiylinder* whiph is fixed in ‘•positfon. Tire fusd' 
is inserted, lighted, and the outer cylinder immediately placed 
in position* and secured by the clips. The whole apparatus 
is immersed in the water before ignition takes place, the tap 
being clpsed. The products of cornbustion pass through the 
small holes at the bottom of the cylinder, and give up their 
heat to the water. When -all evidence of action ceases, the 
tap is opened and water allowed 'to enter the copper vessel, 
taking up the heat from the inside portions of the apparatus. 
The whole is shaken up thoroughly, and the temperature of 
the water again carefully noted. The apparatus itsejf takes** 
, up a certain amount of heat, and usually a Correction of 
10, per cent, is made fir this. 

Example: — ( c 

^.Veight of fuel taken - - 30 grains 

Weight of water taken - - - 29,010 „ 

Temperature before ignition - 60*5° F. 

Terhperature after ignition - - 7*3 '8° „ 

pise fti temperature - 13*3° „ ( 

Then f 

30 »gr. fuel have raised the temperature t>f 29,010 gr. 
’water 13*3° F. 

1 gr. fuel will raise the temperature o*i 2J 010-^30 gr. 
water b3'3° F. t n 

^ or 1 lb. •fuel will raise the temperature of 967 lbs. water 
13*3° F. t ^ - 

*.k, 1 lb. fuef gives off 967 X 13’3 British Thermal •Units 
, « = 12,861 -1 B.Th.U. , \ ♦* 

Allowing 10’ per cent, for loss, we ^et a calorific powdt of 
• 1 2,861 rl* 2^1 * 14, T47 B.Tn/J. 

c 

The figure 20,010 rs hsed as being 967 times the weight of 
kheffuel. ‘ By looking at abov;e calculation if wilFbe seen°fhat< 
the calorific /power is 1/67 x rise in temperature. hs it requires 
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967 heat units to convert*! lb. water at 2^2° t* to sfeam, the 
number of »lbs. of water e^orat^d (for converted into stdhm) 

M1 ?** 967 X rise in temperature # 

will be, * - — 1 — 9 , or the rise in temperature 

• 967 • / • ^ 

plus 10 per cert, will g*ye at ory:e the evaporative power of the 
fuel. Thus ?h abcfte case® the cvaporativ^ powers 13*3 -£T3*' 
lbs. oT ^ater At 212 1 * F. evaporated, by \ lb. of Ofel^ i.e, t 14'£. 

In the Wiliam Thomson 
calorimeter, instead of using a 
solid oxidising agenj, the gas 
oxygen is supplied either % from 
a gas-holder or a cylinder. 

The combustion is started, as 
in the other case, by means of 
a shost piece of fuse, or by 
^ short platinum wire in an 
electrical circuit, which becomes 
hot enough to ignite the fuel 
when a current of electricity is 
passed through it. The coal 
or coke may tie contaiyed in 
a small platinum capsule, but 
in our experience this is not 
desirable, since J:he qontiniu;d 
contact with hot carbonaceous 
matter renders the metal brittle 
in time. Sin all porcelain cru- 
cibles answer equally well ; ifi ' 
fact we h^e % often used* /he 
bowl of an ordinary clay pi ye 
from which the stem had been < 
cut off, loosely' plugging the • * 

bottom with a layer ojf asbestos. * The measurSnents of 
temperature and* rcjculatyon of * results # are carry^d out as 
before. I f is desirable to note tlfe* time % occupie<j 6y the 
coipbustion, and • afterwards ytake *tlje fall in temitefrature 
experienced by the water during tVie same lejigth of time. A 
correction Tor radiation is*thus obt^Tneb. # ¥ 

**A modification of the Thomson type # is shown # iniFi£. 1£ * 
(TJiom <;nn-T^arlinp‘* calorimeter! The* combustion ebarr^ber 



Fig, 1£.— ' Thomson-Darling * 
Calorimeter. 
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consists $>f a £fass f bell jar’ u, which may be tightly clamped 
to a' brass ring. Oxygen, is jfed irrfo the combustion chamber 
by tile tube C, and the fuel is ignited electrically by tbe*tvires 
D. The prVvd lifts of combustioVi pass into a** flat circular 
distributing chamber E, as shown, th® gases feeing split up 
•into sniall Vgtceams '-by the perforated lipper "plate* This 
calorimeter h&r, also been adapted for u«fe with liquid 'fuels', 
a small brass lamp with asbestos wick replacing the crucible 
in this case- 

The Bpmb Calorimeter. — In this type of calorimeter, first 
designed by Betthelot, and improved by Mahler (Fig. 19), the 
combustion of the fuel is carried out in a strong metal vessel, 
made of steel or some special alloy, which is in some cases 
lined with enamel, in others plated with gold inside, to resist 
the corrosive action of the gases produced, and often -nickel 
plated outside. Oxygen gas is supplied to this vessel, whiejj 
is called the bomb or grenade, at a pressure of about twenty- 
five atmospheres. The fuel is placed in a small platinum 
crucible or capsule, ov^er which is suspended a short piece of 
iron or steel wire. On 'the passage of an electric current 
through it this wire becomes white hot and bprns ; the drops 
ol molten fnagnetic oxide falling into the fuel ignite the latter, 
and the combustion .continues until all the fuel is consumed. 
In some cases platinum wire is -used to commence the opera- 
tion. The bomb has a tightly fitting lid, screwed on ^o a 
leaden washer. It is immersed, in a vessel containing water, 
and the whplc is contained in a case lined with non-conducting 
hiaterial to prevent any loss of heat by radiation. The heat 
6f combustion is tiymsfeired through the bomb \o the water 
surrounding it, the, increase in temperature noted, and the 
calculation worked out on similar lines to those previously 
given, corrections ‘peculiar \.o the instrument being allowed for. 

Fig. 10 shows a*modification of the Mahler bomb csdori- 
meter designed by the late Mr Bryan Donk ; n. 

B y t igeans of these various calorimeters it will be seen 
that tne heat producer,! by the complete combustion of the 
fuel is measured. Generally speaking, however, the most 
satisfactory method of" testing the Quality of various coals is 
tD fiftke aii evaporative test under actual working conditions. 
The burning /qualities bf the coal can then be noted also, as 
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well as the kind and amcftint of blinker and*tsh vjhich are 
prodyced. To make a tcst**n these Unes requires careful And 
speci.'4*/irran£ements, and oc<jupfcs much time. Hence* the 
use of a* calorimeter of some type is necessary. there is iiy. 
Question that such instruments afford reliable comparative data. 
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^n average calorific valife for coaP i*> atouj 7,700 cgtl pries, 
or 1:5,700 13.Th.lE # fi^it of uok<j s^nm^hat less. # It fallows 
from'this that 1 lb. of good coal should be aj)fe to generate 
VI to 14 lbs. of steam. In actual pr^cficc^ if (i touS lbs*of stea^i 
are •fctained per l*lb. fftel, it ft as much as can be c*cflcc + jed. # 
There are several factors which account for th^ difference 

I « * 
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between^ a calorimetric te',t and the practical results. Loss 
of 'heat by radiation the v impossibility of regulating the 
adniission of air so as to siippty/ exactly the amount tftguired 
for the perfect combustion of tht fuel. If too Little, imperfect 
combustion occurs with production pf smoke and carbonic 
oxide and ^onsequ&nt loss of heat*; if toe. muc,h air, Jhen tHe 
excess uses bp some of the heat in raising its ovm temperature 
to that of the other gases, which heat would otherwise be 
used for steam generation. Again, injudicious or careless 
firing leads to smoke and carbonic oxide production and loss 
of heat, and the' capacity of gases lor heat increases with 
their temperature. 

It is possible to calculate the heating value of a fuel from 
its chemical composition, knowing the carbon, hydrogen, 
oxygen, nitrogen, sulphur, ash, and moisture. The substances 
which produce heat when a fuel burns are chiefly carbon and 
hydrogen, and sulphur to a slight extent. Any oxygen whiTffF 
may be present causes a loss of heat, because' it uses up its 
equivalent amount bf hydrogen, leaving only the excess as 
a heat producer. Moibture in the coal, together with tjjiat 
produced by the combustion of any oxygen present, takes up 
'heat in rts conversion into steam, ‘and of course the mineral 
matter or ash ik a pon-producer of heat. Calculated heating 
values do mot as a rule agree very closely with practical tests, 
or even with calorimetric results. 

Two formula; for calculating heat values are given : — 

P'= 8080 C. + 34462 (H-^+2250 S. (Dulong). 

‘ i^BlflO C. + A. (volatile matter)^ n 

- T ioo , -- (Goi ‘ tal) - . 

P = Calorific pow r er in calories. , 

V V t B 

Thef former i^bastd on the ultimata analysis, C. being 

the percentage of tojal carbon. The latter is based on the 

proximate analysis, C.~ fixed cal bon, 7.*.,. coke — ash. A. is 

a coefficient varying „ • 

, f < * •> .. 

13,000 between 2 dftd 15 per cent, volatile matter. 

r 10,000 „ -45 s and 30 , „ 

* , 9,v>00 ,, 30 and 35 „ » w . ,j 

, f 9.00Q ^35 and 40 „ 
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The atithor’s test on a c6al of following analysis 
* C * - - - - > * 8TG percent. 


o - 

A-') 

7-2 

N - • ■ v 

1:08 „ 

/Mi -* -* ' 

7o 

*\£platile matter - - * 

^1-3 „ 

Sulphur - 

1,3 
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gave the following results : — 


% 

Calorics. 

H.'Pli U. 

Dulong formula 

5, 759 

12,960 

Goutal .formula - - - 

8,216 

11,812 

J-.ewis Thompson calorimeter - 

8,03J 

1 1,454 

-Mahler bomb calorimeter 

a 

S 

8,400 * 

15,120 



CHAPTER VII 

HISTORY OF COKE MANUFACTURE 

it f. 

Some coals arc not suited for use in Hast furnaces or foundry 
cupolrs owing to their caking pr >pcrties. The caking is due 
to the constituents of the volatile matter of the coal and the 
manner in which these constituents are grouped. The object 
of coke manufacture is to convert such caking coals into a 
fuel which is non-caking, richer in fixed carbon, and in better 
physical condition as to size, hardness, etc., for use imjjic 
blast lurnacc or foundry. In coking we aim at the complete 
expulsion of the vgijatile matter by means of heat, leaving the 
fixed caibon which, along with the ash or mineral matter, 
forms coke In ihe early attempts at coking the coal was 
heatspot* coked in mounds or he«vps in the open air (Fig. 20a), 
a portion of ^he heap being allowed to burn away completely 
to supply the necessary heat. In this case the volatile matter 
with its valuable by-products was allowed to pass into the 
open air, but a patent was secured by Jones in l<Sol> in which 
it was pioposod to draw off the vapours from the old type ot 
coke heap through a series of pipcs^condcnscrs, etc, as used 
in gas manufaetuic The low yield of coke, however, con- 
demned the open mound, and 'attempts were made to improve 
the process by confining th • coal within walls (Fig. 20/;), tin 
necessary air for combustion of a .portion of the charge being 
better, gynti oiled by means of dampers jjnd flues, etc. In this 
case also the volatile matter was not made use of. The 
enclosed type of coke oven (Fig. ,20e) then came injto being, and 
thq; volatile matter, hitherto completely wasted, was burnt 
inside the ehambei, suypl^ing a greit portion of the heat 
formerly obtained at the expense of the coke itself. 

The v shape of the enclosed type of oven was improved, and 
in the later beehive oven (Fig. 20 d) is indicated by the name, tin 
interior dimensions ‘being usually about 12 ft. in diameter and 
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7 ft. Jiigh. The inner lyiypg is of refractory brickwork, and 
the space between this lining ai|d the outside walls is billed 
with sand, sljyj, or brickbat*, to retain the heat. They are 
usually built in double rows, each oven being* cdfinectcd Ufa 
common flue, file gomfcct^on feeing controlled bv a damper. , 
jTe waste hejt frorp this flue passes through rf\c boiler? to 
the cTivKincy. The operation of cokmg is caiticd on a* 
fo^pws : The Norway is partially built tip, and the charge 
of slack fed into the oven from hoppers. Sometimes a small 
fire at the door is necessary to start the action, hut* when in 
full working order, the hea\ retained in the oven brickwork is 
usually sufficient. The charge is levelled and the door built ■ 
up. For a few hours the gr^s comes off slowly, and is not of a 
quality to ignite, but after a short time the gas comes off 
mor.e frfcely, and at this stage a little air ^admitted above 
t^chargc to burn the gas, the heat from this combustion 
being rt*flecte(j by the roof on to the charge below. The heat 
of the oven gradually increases, and thcavliole of the volatile 
matter is finally expelled. This requires about three da>\ 
a life during the last portion of the Poking the door is 
thoroughly luted to cxchide air entirely, to* avc-*r nnchie* 
loss of coke. The yield of coke in these ovens, using slack 
containing 30 per cent, volatile matter, 'ranges from about 
56 to 60 per cent showing a loss of 10 to 14 per cent, through 
admis 4 don # of air to the coking chamber. • , * 

When all, trace of gas is alTsent the gnass of incandescent 
coke is quenched inside the ovpi^ involving a furrier waste# 
of heat, and tin* charge is then raked out To ^ivoid tly s • 
cooling of th# oven itself by ‘quenching, modifications of tin* 

• ovt-n have begn built in wlmhfejie charge may be drawn out 
by Vn(*chanical unmans a»vl quenchej outside ;*in some c*fses 
the waste Jieat flue* are carried* underneath the ovo#\floor to 
supplement the heat fro an above thephargp (Fig. 20c) Several 
attempts were* marj$ t*» recover by-pr*)<Jucts in ovens of* the 
beehive type, and about 1 S70 extensile trials were rifhcfc in 
this aountry by M£s*sft Bell* Bros, ^nd ^ lie Wigati Coal and 
Iron Company, using the yernolct £/p£ °f oven (hjg 20/ ) 
The^ype put j’lovvp by # the latter firm* was a modificgitipn by # 
•Voung, in wlpch the^gases were drawn off jflst above the coal 
by aft exhauster, and after passing through a 1 * product 
* *\ 
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plant, were fed into the furnace ui\demeath the oven and burnt, 
the«products of combustioii thence passing through a casing 
enclosing the done, and finally passing to the cfiimney. 
"^vitker. ancl Jameson also endeavoured to adapt the beehive- 
shaped oven for the recovery of by-products, both followirg 
thV: plan ot\downward suction. All these early adaptations 
failed on account of tne doubtful quality of the coke produced. 
In the non-recovo*y beehive oven the tarrp* vapours had to' 
pass upwards through the layers of hot coke, depositing a 
portion’" of their -carbon by decompeeition, and helping to 
cement the whole, giving finally the hard, silvery beehive 
coke. In the Pernolet, Aitken, and Jameson ovens the 
• vapours were drawn away as fyst as produced through the 
cooler layers, and no deposition of carbon took place. The 
portions of the charge farthest removed from the source of 
heat were distilled very slowly, and by the time the h^at 
reached them the coking properties would fye considerably 
lessened 4 . The Pefcqolet oven was rightly designed in that 
the chamber was kept enclosed and air excluded as much 
as possible, but thcdistillation was after all a low temperarure 
one, aw 1 consequently the tars produced were thin, containing 
' a large percentage of paraffin bodies, whilst the sulphate 
yield was low. However, a later development of the Pcrnolet 
oven was erected at the Shamrock Pit, Westphalia, in 1886, 
in which a regenerative system was used. The charges were 
coked in comparatively shallow layers, and the quality of 
the coke was satisfactory. For t,mly coking coals the 
j^eehive oven is well adapted, and the beehive coke of this 
country and of the Connellsvilte region in the*. United States 
has deservedly a world-wide 'reputation, but on the Continent 
a great proportion of the coal merges in^o the lean variety, 
and it f vs found that.- to obtain satisfactory coke more rapid 
coking with higher temperature was necessary, £nd the 
Belgian type of- oven (Fig. Wg) was' designed for such 
conditions. Here we see the origin of the retort-^naped 
oveit which/ with Warr^lwdi* chambeft., was utilised in the 
earlier Cop pee oven. ( These proved so successful on the 
‘‘Continent as to merit serious consideration in this country, 
and in 1873 a battery of* Coppee ovens was in operation 
near S heft eld. Many of these evens were erected, but they 
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have now been largely replaced bC the modern Coffee and 

other*recenti by-product ovt^iS. ft • 

Tift* early Coppee oven ^Fig. 20//) consisted of fjpng 
rectangular chambers about ^>0 ft. long and f^6 in. high.* 
l TJiey were usually buijt witl^ a slight Japer, being. 15 to 
17 in. wide at tme c?id, and* 18 to 20 in. at the otl^r, to les^gn * 
tfifc fritdjon of the a?ke on the oven walls whilst discharging. 

• The ovens wer^charged from the top, and the gases from* 
the* ovens passe3 as shown into a series of vertical flues in 
which was also admitted the air necessary for combustion. 
This air was in some case % s heated to a temperature pf 700° 
F., by being conducted through passages in the hot brick- 
work underneath the ovens. Tho heated products of com- 
bustion passed downwards into a sole flifc, and then, tiavcrsing 
the whole length of the oven, returned by the sole flue of 
tlfe adjoining oven to the chimney flue, passing under boilers 
before reaching the atmosphere. The advantages gained 
in this oven were: Increased yield through exclusion of air 
from the coking chamber, shorter coking period, external 
quenching of coke, saving of time ifnd^labour through the 
use of mechanical appliances, etc. This oven lias, o£course v 
been considerably modified, and is now adapted for the 
recovery of by-products. The modern by-product oven may 
be looked on as re.^lting # from the combination of the enclosed 
beehnje chamber with external heating (Pernolet typg), and 
the retort-shaped oven (Coppee type). The first* attempts 
at this combination were made about 18^9 in the Knab oven 
modified by Carves, and in the Carves ovbn, further* 

improved by ^infon, was inttocluced into this country. * 

, Shortly after this the Serr^et-Solvay even was brought 
out, but for #c *)me time the by-product ove<i made iy;tle < 
progress, owing td^the prejudice oP the irofi mastery against 
the abearance of the coke; but once tftis prejudice was 
overcome, th« by-product oven nftade Substantial ^jro^ress, 
as indicated by *the diagram in tfie* first ^chapter.* .The 
development of coking systems is slaov^r* in Fig. 2^). \ 

(a) Coke heap, on the lines of th*e old charcoal pile. 

\b) Cokiifg between waWs, air beiflg ftiore under Control 
Approximate slfape of earlier enclosed ovens* • 

(j$) Mod&n beehive coke oven. 



14 r MODERN COK(NG ( PRACTICE 

rt « * n 

(e) ELeehive ov^n with &>le flue. 

(f) Beehive oven ad&ptejd for 'extraction of by-products. 

Q) Belgian oven designed for lean coals. '»* 

(h) Eari(er Coppee oven. Narrow chambers heated from 



Fig. 20. — Development of Coking Systems. 



CHAPTER VIII 

'•DEVELOPMENT IN COKE ftVEN j^SIGN.* 

Th£ recent developments in coke oven design may be 
classified in various way's First, taking the arr.mgejncnt of 
the coking chamber, this n;ay be : — * 

(a) Horizontal. 

(/;) Inclined. 

(c) Vertical. 

• (a) All modern coke ovens, with very few exceptions, have 
horizontal chambers. 

(/;) Ovens Vith inclined chambers have been primarily 
designed for gas manufacture, and scarcely come within the 
scgpe of this work. So far, although in existence in a few 
towns in Germany, only one example exists iij this country, 
at Darwen, where a battery of inclined ovens has been~erect'id, 
but of which no complete results have as ^et been made 
public. The tendency in modern coking practice is in the 
direction of larger chambers, and in the author’s opinion the 
erection df inclined chambers of large size fnust present 
considerableStructural difficulties. • , 

(c) These do not Appeal to have made headway. The* 
type designed b/ A. O. Jones, *in 1900 presented curtain ve.*y • 
desirable features, but many of # thcse are ajso incorporated ih 
the. most -recent type of horizontal ovens, ip the way of J 
greater depth of Charge, Cooler yppe* layers, etc. 

Cc^e ovens may also be classifie*d*accojding touLile direc- 
tion of the heating flueS, which may* be 
* ‘w horizontal* * 

/(b) Ydttioal.. r 

(a) In the horizontal Sued ove#s tfie flues are usually 
•capable of eitamfriaticfti throughout ‘their whole lmngtji, Ihe. 
regulation <*f heat being thereby simplified. On the othgr 
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hand, tlfe gases have a much longer travel to the chimney 
than obtains in a vertical fljlcd oven. “ 

{b) In the vertical flued oVens the gases have a' shorter 
passage, antf the gas stream is capable of being subdivided 
into many small \cctions oh the l>he system to assist in 
securing uniform heating of the oven vv dll * Thh various 
designers of coke ovc'ns have their own particular type, each 
with professed advantages, but the writer, observation of 
several plants of both types, has not seen any marked advan- 
tage of tffc horizontal flue over the vertical flue, or vice versa. 

A further very important classification relates to the 
method of utilising the heat in the spent products of com- 
bustion from the coke oven flues. According as the heat 
from these spent products is to any great extent returned to 
the oven flues or utilised for some external purpose, we may 
classify the oven as ■ — 

(rt) Regenerative. , 

„ (b) Waste heat. 

The coke oven, flues are heated by gas burnt with the 
.correct^roporlion of air. In a regenerative oven the greater 
portion of the ljcat in the spent gases from the flues is trans- 
ferred to the air supply. As this air supply is thus carrying 
considciablc heat into the flues, a less* supply of gas is 
necessary to maintain the desired temperature, and a greater 
proportion of gas is rendered disposable for purposes not 
directly connected with the coke pipit itself,' such as gas 
lighting, gas engines, etc. On the other hand, the transference 
o'l heat from the jpent gases leaves them merely hot enough 
to create the necessary draught at the chimney, and no hoat 
is lfft for any 'Other puipotfe. The coke manufacturer cannot 
have it both ways. Of, the heat units represented in the gas 
evolved from the ovens a surplus is available either tin the 
forn^of ‘Mive gas’! for lighting, power, etc., or waste heat” 
for steam production, power, etc. His choice would be in- 
fluenced largely by geographical conditions. If the plant 
were in close proximity to a town or well-populated district, 
ct regenerative pven giving a grea'ier proportion* of spare gas 
wduld probably be a more, attractive proposition. It"may 
definitely be taken for granted t,hat coke oven gas fr^m a 
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modern well-designed plant is cfufte suitabfe* for^lighting 
purposes, more especiallykimW the conditions likely to obtain 
in the roar future. As a matter if fact, the following t^wns 
in this country are already using very large quantities of coko, 

* oyen gas : — Birmingham, Lecdg, Middlesbrough. 

In Germafiy, ih the iJortmund area, in which the grpat ( 
mhjorhy of tlfb cok'e ovens exist, the^ponsumptipn of coke 

• oven gas has advanced as follows : — • 

• • * (i. is Sold 

Year Million'. o( Cub V t 

1908 - . - - - - , .100 *• 

1909 - - * - - - 800 * 

1910 .... 1,500 

1911 - - , - 8,000 

1912 - - - - ’ - 5,000 

wliilst the latest figures available from the United States 
indicate, that over 120 million cub. ft. of coke oven gas per 
day are sold for illuminating and domestic fuel purposes. 

The tendency in coke oven practic'd at the present time 
appears to lean towards the regenerative overt. At the same 
time a coke plant may # be required for a. district some^ 
distance away from industrial centres, possibly in the region 
of collieries requiring power for pumping, haulage, etc. 
Taking into consideration the high efficiency of a modern 
steam* turbine, a waste heat plant m this case would bejvorthy 
of serious consideiation. One # point to be remembered in the 
case of waste* heat ovens is the effect of a fluctuating load in 
the power house. A decrease irt tlie load lessens the demand* 
for steam, ayd ‘since the waste heat cannot be* stored, *a * 
portion of it at times must fye by-passed to the chimney. 
In*th£ case *o£ a regeneiative o‘von, the surplus gas m?f be t 
conveniently stored in a hokky* dufing the •’slack periods to 
act as#a reserve, thus avoiding waste of power. 

A theoretical consideration of the principle of regeneration 
is ujeful. Taking one known exam])li of \vaste her^t .oven 
in actual working, practice, it»w;vs fipuiVi that 72 t per c£nt. of 
the gas evolved was Jjurnt in the Ylues. Tins' amounted to 
approximately 7, *00 cub. *ft. of g;ft^ of a calorific* value ?f 

,* 480 * ThTh.U. ^per cub. *ft. (net) fx>r every ton of coAl 'toked* 
Thu^each tftn of cofil required in round' figures ap admission 
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Df 3,600,(^30 B/Fh.U. into the flues. For the particular variety 
md condition of coal dcaltjwith* ffi r this instance, the figure 
'emains the same whether ct>ld t air or pre-heated air is used, 
md the following Calculation shows the effect of admitting 
ur at increasingly ^higher temperatures into Jthe coke oven 
lues. v * , . 41 

C Vr 



Analysis* 

Cub. r t. Air 

B.Th.U. 

Weight. 

W/.’fght of 

' 

(Coke 

per Cub. Ft. 

per (’ul). 

Fb per 

Consts. in 

, 

Ovenr). 

Gas. 

Ft. (Net). 

CifT Ft. 

100 Cub. Ft. 


I’u ( ent 




Ux 

Benzenes n - 

Id) 

35 8 

3,574* 

•208 

208 

Olefines f) - 

1-4 

] 4 *8 

4,510 

078 

•109 

Marsh gas - 

28 8 

9 r>4 

919 

0447 

1 287 
! -808 

Hydrogen - 

r,4 i 

2'89 

27 2 

0050 

Carbon monoxide 

Ml 

2' 88 

880 

0782 

! -891 

Carbon dioxide - 

2(1 


. 

•1284 

247 

Oxygen - - 1 

0 4 


. 

0898 

080 

Nitrogen - 

7 3 



0784 

•572 

Average • j 

• i 

4-72 

485" | 

~ 0815 

8 158 *i 


Temperature or . 
s , AW* 

•A. 

Heat Uni's in 

5 CuJL> Ft. Air 
(I.css Units at 
Atmospheric 
Tcmperatuie) 

B 

Heat Units. 

MS5 

Gas 4- Air 4 t 

r l A 

(Per Cub Ft. 
Cas Burnt in 

P lues). 

C. 

Cub. Ft. 
Gas 

(8,600,000 

tB) 

(Per Ton 
Coal 

Carbonised) 

o 

D. 

Surplus 
Cas a 
( 10,500 -C. 
etc.). 

Fahr. 

■Cent. 




Per Cent. 

60° 

15° 

Nil. 

4l'5 B Th y 

7,422 

29 

572 

^00 

50 B.Th.U. 

585 „ 

6,729* * 

36 

1,112 

600 

106 „ „ 

591 ,, < 

6,091 

42 

1,652 

900 

164 

'649 „ 

5,547 

47 


Iq actual practice theses results have been .exceeded, and 
nstances of 60 per cent, spare £as have beeh known. There 
ire variom methods of transferring heat from spent gases to 
;he air supply. The simplest method is to Jengthen the 
;ourse of the hot, spent gases, and to carry the air supply ir^ the 
opposite direction through ^djpcqnt passages. The heat from 
:he spent prddjacts is transmitted through the intervening 
vVvJ.ll to the air, but v.nlors this wall is unduly <thin, giving 
:isa’ to 1 a* serious risk of leakage, or unless’ the* passages 'are 
af^gr^at length, the •-efficiency of this method «is low.^ A 
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typical example is given in Fig.* 21, an earfjl recuperative 
system of Simon-Carves.’ *A deuidetl increase ia^ efficiency 
is obtained in the Semet - SolvAy continuous type of, re- 
cuperator, in fohich specially designed blocks* a^e used, and- 
which is shown* in Fig.**22. TJiough not Jjuite as effigent as 
the reversing type,*this ha^ a decided advantage, in that the 
•• • 

:H/MNE7 2. 




.* 

Fig. 21 — Early Recuperative Systtyn. 


(Simon -Carves.) 


gas aryd air in the* flues flow continuously nn one'^lirection, 
and the mechanics] difficulties in ‘reversing are avoided, as 
well js the alternations in tfle temperature's qf the air.^ *The 
earliest application pf the Siemens, principle of regeneiJa\ion 
to coke oven practice was’in the Otto-Hoffiplnn oven, the 
principle of 'tffiich is shown*in Fig. 28. * * j 

• fil this case th<! vertical flu&s are divided into twd groups, • 
* The j^aste hfcat from* the oven ffues is being passed through 






JEVELOp'mIINT PF 'COKE OVENS * 61 , 

' I * , t 

the chamber A, filled with cheqJered brickwork, which in 
time’becorrtes considerably 'lieatdd. ’in the meantime cold 
air is b*eing blown through me chamber f B, which lias been 
previously heated. The air becomes heated til ^temperature 
% between 900° ^nd 1,000° C., and meets the gas in tl\e com- 
Ijaistion *cham*ber c The products of combustion rise* in 
the lelT-hand section of the flues, and ■‘descend itj the right- 
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The'principle is the same in all # types of regenerative ovens, 
variations occurring in the position of the regenerators. Some 
have regenerators fommon to ag the ovens in a r battery, others 
have separate individual systems of chambers for each oven. 

A -recent type^ of regenerative Vystem, ks designed by 
the writer, is. shown in Fig 24. The essential feature consists 
of Vhe uso of two regenerators for each oven, each 01 these 
regenerators beings divided into an upper rfi d lower section 1 
to lengthen the path of the waste gases and air. The waste 
heat from any particular sole flue is deflected into the right- 
hand and left-hand chamber alternately, whilst the air passes 
through the remaining chamber. The dampers for this 
f purpose are worked by cranks ^ind connecting rods from a 
common shaft. If used as a reversing system, it will be seen 
that, whatever the position of the dampers, the regenerators 
for air and spent gases alternate. Thus air passing to tfie 
oven is always sandwiched between chamber^ receiving hot 
spent gases, and is, always passing in the opposite direction . 
'Thus the pvnciple of, a continuous system is incorporated 
in a reversing system. The lengthening of the courses of "Phe 
products allots time for a portion of the heat to be trans- 
ferred through,, the vertical dividing wall. The lengthened 
contact and counter-current system allows the air to pick 
up heat gradually, and avoids undue shoJ< from admitting 
cold air dire.ct into a hot regenciator, whilst tb<£ variation 
in temperature at tlpe hot air 'distributing flue F lessened by 
utilising 'co a greater extent the principle of a continuous 
regenerator. All the reversing levers are ( on one side of 
t,hc oven, and the dampers an? arranged to permit of easy 
removal for repairs. A main Reversing valve is not necessary, . 
ancf the systerti avoids any reversal,, of gas^cocks, the f!o\$ of 
gases iru^the Hues being cotftinuous. The position of the 
regenerative chambers relative to the oven battery 'allows 
individual repairs tc^ any oveiiyor regenerator, whilst the 
low^r /half of a regenerator, being the cooler, diminishes the 
heat losses by radiatidn into fheToundatism. The illustration 
shows the system adapted to a horizontal flued oven, but it 
& not intended that the system should b,e confined to.this 
class of oven, it being possible in certain cases to adapt it 1 
tb a vertical flued oven. ■ ^ 





CHAPTER' IX 

RECENT TYPES OF COKE OVENS ' 1 

The Semet-Solvay oven is a horizontal fined oven of strong, 
substantial desigfi. In the standard type (Figs. 25 and 
26) the heavy superstructure of the oven is supported hy a 
division wall, the lines being entirely independent. This type 
Vias an undoubtedly .long life and offers special facilities for 
repairs to the linings, a point of great value where coal of 
unduly high salt content is to be used The oven is 
strengthened by the brickwork of the division walls being of 
less refractory but tougher material than that of the flues 
themselves. * • 

As well Vvv. materially strengthening the oven, this pillar 
acts as a reservoir oT heat, a great advantage during temporary 
stoppages of the plant. The hdit stored in the pillar also 
assists in counteracting the cooling of the flues through the* 
introduction of a charge of wet slack. A somewhat cheaper 
type is also designed in which the flues 4 are built into the 
division Walls (see Fig. 20, B). 

It will be noted ‘that in the Scmet-Solvav oven, each oven 
is entirely independent of ifs neighbour, having two series of 
Side flues instead of a series of flues common to two adjoining 
ovens (as is the case in the majority of retort ovens). The 
heat of the oven is thu.s more readily controlled, and any, 
single oven may be repaired without interfering with the 
working*of the fcvo adjoining ovens. To ensure gas tightness, 
a very important item indeed, the fines are usuallyTmilt of 
smiil rectangular blocks about <3 X 4 x 2 Vi. Vn larger blocks 
the deformation or ^warping, Jo which all blocks are liable, 
is more accentuated, causing^ the joints to open and 
v allowing a portion* of t f he gas , to pas^ into the side flues, 
thus adversely affecting the yield of by-product and 
♦surplus gfis. These smalt bricks can readily be obtained 
.with very uniform surfaces, and,, the jointing need rftt, with 
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ordinary care, be, more than £ in^ in thickness. The gases 
froip the oven, after tfein£ passed through the. by-product 
plant, return to tjic distributing main from which they are 
fed in£o tli£ t ilues as shown. In the wastfi heat type of 
Semet-Solvay oveh, the air fpr coirvbustion i s preheated by 
boing drawn through passages unclerncatfi the*oveny to about 
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]' Id 2f> --Soctioni of Scmct-Solva) Ovens. 


dOfT C. *'A type of to'ntinuous recuperator has been intro- 
duced, shown in Rig It posse^sesjdic great advantage 
of ‘oeing conjinfioilrs *in actiotf; -thus avoiding the sudden 
chArtges of temperatuve dunng, the periodical reversing which 
takes placef in the ordinary type oO* regenerator. At the 
.same time the recuperator may, be shut off fo 4 r repairs quite 
easily withoift affecting the oven itself, rating, cold air c in tfye 
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In the Scmet-Solvay ^recupeiattive ovqn the air» is pre- 
heated to temperatures up jto iHM) 1 C. Gas and air are 
admitted into the top flue, Ithe* air in this flue being in 
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excess, in order to prevent overheating of the top of the oven. 
The gas and air supplies ^ire reinforced in the seCond an (4 
third 'flues to bring abJut the "cofrect proportions ot*gAs and* 
air efficient conibustion, whilst in* \he four f Ji t flue this 


©Fig. 27. — Huessener*l£)ven. (Co^l Distillation 


08 , MODERN *cfc>KJNG PRACTICE 

combustion is completed. ‘ TypFaJj temperatures of the flues 
are f * 

♦ 4 .. 

Top flue, 950" C, ;fsecond flue, l«,0. r >0° C. ; third flue, 1,100° C. 

« % 

The Semct-Sofvay oven if also -built with reversing re- 
generators, the burnt products travelling £lowrbvards through 
the* flues during one* period, and upwarcls' during t|ie«oth?r. 
'Each design is generally built with four flqty, though some- 
times five*’ are used, but in the United States this oven is 
usually *fi greater dimensions, often si^ flues high and coking 
10 tonsrper charge. The practice there is in favour of higher 
heats and consequently more rapid coking, charges being 
r worked off in about eighteen hours. 

The Ilucssener oven (Figs. 27 and 28) is the type of 
waste heat oven adopted by the Coal Distillation Co., Middles- 
brough, and is f also of the horizontal fined type. The 
arrangement of the flues is somewhat similar to the*. original 
Snii. ' r arves oven, but, like the Semet-Solvay type, each 
oven has disown side flues, and is entirely independent of 
the adjoining cKens,. The flues are constructed of refractory 
.tiles and bricks well dovetailed together. The air for com- 
bustion is not preheated. The gas and air supplied are well 
under control, and good heats are obtained in the flues, the 
following temperatures being given by C. /&u\vthian Bell in & 
valuable paper on the Iluessencr oven, read before the Iron 
and Steel Institute in 1904. « 

• Bottom side flue, ,,1,900° F.f 1,0.37° C. 

Top „ „ 2,200 J „ 1,20.1° „ 

* • 

%Thc gas supply is well* distributed, being ydvnitted to, the 
flues at tw r elve tliffercnt*poiqts A in each ‘oven, hix on each 
side of the ovens?. Tlie regenerative oveff of the aboye firm 
is the Collin oven described later. * c # 

/^somewhaj simifai 4 typc of ofen is adopted by the Sjmon- 
CaiVfs Coke Oven thS'n^rnf.ticn Co., to, meet the wishes of 
clients specially desiring a waste heat oven with horizontal 
dues. The main principle will ^readily be se*en from the 
'd*awiru r , , 'F'ig. ! 29. 1 * * , •' • ♦ ' * 

- The air, is not pfeheated, but is admitted though special 
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regulating devices "incorporated jft fcpe armour plating support- 
ing f the buttresses. The s^me firm have also a veitical flued 
oven adapted ( as fi waste heat* or regenerative oven. The 
special "features oflboth these types lie in the arrangements 
for controlling the gas and jur supplies cto tl>e flues The 
waste hea^ type is sjiown in Fig. AO. «Tlie gas is fed infco 
combustion chambers LI, 12, 13, and 14, by meanS of fire- 
brick tube? and the gas cocks 3, 4, a, and G. c t The air is pre- 
heated ip passages 18 in the oven foundations, and passing 
along 19 and 20 fs subdivided by # th6 tubes 25, 20, and 27, 
each tube possessing a special damper. These dampers are 
' within easy reach of the operator. The gas cocks being also 
Adjacent, the air and gas for each •section can be adjusted to a 
nicety, whilst the subdivision of the flue system into eight 
sections assists in securing uniformity of heating along the 
oven wall. The regenerative type is shown in Fig. 81. In 
^tJbg^tvpe the system of admitting gas and a<ir by specially 
designed"^ rebrick tubes likewise obtains, but the oven wall is 
divided intofew section^ instead of eight. The same facilities 

it n 

for control of gas anVl air are present m this type as shown 'in 
the drawings and emphasised in Ffg. 32. 

The Otto ofen as now built is a distinct improvement on 
the earlier Otto-Hoffmann oven. The verti^.l flue has beep 
retained, but the distribution of gas to the lines has been con- 
siderably ’modified, the special feature being the “underfired” 
system o( heating the flues. In the waste heat type (Fig. 2)3} 
<thc gas is fed into the combustion chambers by sixteen Bunsen 
’ burners, the necessary air being drawn in, partly at the 
burners and partly through po ( rts in the side of the combustion , 
chambers. These burners ( are easily accessible;, s>nd the com- 
bustion of the ga*: is well under control, whilst the subdivision of 
the flue system into seVcral distinct sections allows a uniform 
heat to fye maintained throughout the length of the oven wall. 

Tne gas ignitds at 'the level of the coking chamber, and 
rise's Vertically through' the heading flues, following its natural 
tendency. The chimney draught 1 is thus decreased, and the 
loss of.g?s is reduced to ^ minimum. The regeperative type 
/Fig. 3t)'!s als'o “ underfired,” but the < air is preheated in the 
regenerators, specially* arranged as shown to allow ^sv^icccss 
fqr inspection and repairs, etc. '« 
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The Koppers cdke o*en\s o T f vertical fined type, possessing 
many striking features in Jhe heating arrangements t of the 
flues. The ov^en ‘is built in iVvo types — waste heat and 
regenef&tive. «>The»waste heat oven is of vcjy simple con- 
struction. The gas, after being deprived ©f it% by-product^, 
is feci from the distributing main C into t*he g<^ distributing 
channel E formed of firebrick pipes. The gas passes from 
this channel through orifices, each fitted wfth a gas nozzle, 
into the ycrtical flues. These flues, numbering from thirty 
to thirty-five, have^ach a separate ijoz^le, the details of which 
are shown in Fig. 3 G. The nozzles have oval shaped orifices, 
'and by means of a rod with a T end may be very easily 
Changed. These nozzles have orifices of varying size, so 
that the amount of gas passing into each individual flue can 
be perfectly adjusted. The air necessary for combustion is 
drawn in by the chimney draught through the air distributing 
channel G from the air conduit F. From this channel it 
issues by the ports It into the combustion flue K, flowing 
round the nozzle u and keeping it comparatively cool. The 
amount of air is' controlled by the unique damper arrange* 
hjent shown in Fig. 30. As both # dampers and gas no/zles 
may be adjusted from the top of the oven, the combustion 
of gas in the flues can be easily controlled sp^as to maintain 
an exceedingly high state of efficiency, and the greater 
number o&gas jets ensures a uniform temperature of the oven 
walls fron^end to end. The products of combustion pass into 
the waste heat flue through a passage regelated by thedam^er R. 

• * The ragenerative type of Koppers coke oven is shown in 
Fig. 37. This is an improvement on the original Koppers'' 
remunerative oven, in that each oven has an ei^isely separate 
regdherator which allows «of repairs to individual ovens with- 
out affecting," the tfemaiildfcr of*' the battery. « The reversing of 
the gas $nd air is done .simultaneously along the whole of 
the bSttery by ^ fink arrangement shown *in Fig. 38. m It is 

founthfhat the waste heat is more than sufficient to maintain 
• . # • • • • • « 

the heat in the^ regenerators, and consequently arrangements 

^re provided for taking # off a portion of the ^products of 
combustion thvough the gas flues T#anc>V, Fig, 8,7. «The 
arrangements for legislating the combustion in thobiadjyidual 
flues are fire same as described in tfee waste heat type. 
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The Collin oven (Q>aU Dfttilktion Co., Middlesbrough), 
Figf 40, is of the vertical flued type with (, or without 
regenerators. The construction of this type c>f oven will be 
seen from the sections which show a series of flues with bond 

if 

stones between. These bond stones Ure hqllow, ^forming flufis 
which, in the case of the waste heat oven, scr^c to lead tl^p 
products of combustion to the main waste heat flue/ fn the 
case of the, regenerative oven, these flues serve-two purposes: — 

1. To take off the waste gases after combustion in the 
mails* vertical flues. 

i. To conduct hot air from the regenerators to the 
gas from the upper distributing channels during 
another period of th^ coking process. f 

The sectional area of these inner flues has been carefully 
predetermined tO ( give the correct proportion of gas and air. 

The principal feature of the Collin regenerative oven lies 
in its method of heating. 'Phis is carried out in alternative 
periods from the bottopi and from the top. Gas is introduced 
at both ends of the overt from the distributing main I*., passing 
along two series' of' conduits connected at the centre of the 
qven at E and N respectively, and during the period tv hen 
the heating takes place from below the gases introduced at L 
issue through nozzles set at the bottom of fluey; K, the air at 
the same time coming from one of the regenerators through 
sole flUes of one oven and the conduits, meeting the gas at 
the bottoijn of flue K. The products of combustion rise in K, 
find descend through the igner Hues A fci the bond stones and 
Jnto the sole flue of the alterative oven, and thence to the 
regenerator. When the heating takes place frc>m above, the 
gn S is admitted to the upper portion of the oveq walls at i\l 
but ‘well below the level gt the coal charger It issue* again 
through a., number of ‘•nozzles' into flues K^whilc the air for 
combustion rises through the inner flups of the bond stone A. 
The flame and products of combustion descend through flue 
K, ana leave through conduit O and sole ll into the re- 
generators.' Jn this oven ‘alb the main vertical flues are at all 
periods heated' directly by flames and not alternatively by 
(lames and products of combmdoti, while, alternative heating 
from bottom and ■ top causes' a very ever) distribution of the" 
heat throughout the oven. At the same time the zone of 
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combustion fir the uppdr admission of gas is kept so Iqw as 

to rfot cause any overheating of tfte top portion (if the oven. 
The reversing tof the regenerators in some types of ovens 
causes* mi alternating variation of temperature from one half 
of the oven wall to the other, but irf tile Collin <*vcn the heat- 
ing is practically continuous. 

The Coppee oven as now designed is the result? of con- 
tinued improvements on the original Copp&i oven described 
on p. 58. The oven, batteries of which have been built at a 
large number of important collieries and steel works, is con- 
structed for by-product recovery, and is a vertical fined oven 
designed on the waste heat or regenerative principle. In the 
■waste heat type the heating wall i^ divided into two portions, 
each consisting of fifteen vertical flues. A tube of refractory 
material, fed by a f Bunsen burner, delivers gas and primary a4r 
into the base of fourteen of the flues in each half of the wall. 
Secondary air to complete the combustion is«also admitted, 
the amount being controlled by dampers, etc. The products 
,of combustion unite it! an upper horizontal Hue, and from 
thence descend through the remaining flue of each half of tb° 
vyall to the chimney flue and boiler*., etc. 

The regenemtive type possesses special features, an im- 
portant point being in the division of the heating fines into, 
five sections, each section consisting of six flues, the periodical 
reversal taking place in each of 4 these sections. The principle 
is shown jliagrammatically (not to scale) in Fig,* 41, 42, and 
^-3, corresponding portions pf the system being lettered alike 
in each case. By means of the gas cocks c controlled by 
levers L the gas is^ fed into fives 4, 5, and 6 in'each section 
for one period, and into flues 1, 2, and 3 for the next period. 
The' sole flues A* and P» sqrve to supply hot 'air (1,000* C.) to 
the flues, or* to /ixhahht the spent produces of combustion 
according to the position of the reversing damper D. 5n the 
position shown, the levers L are gulled by* the chain in 
the direction of N, flue** 4, 5, and 6 in alternate ovens thus 
receiving gAs.. Owing to "the position of die damper D Air is 
Ijeing blo^vn through the regenerator A /y to the distributing 
qhambejr A, connected to sole flues A ydiioh feed tjie vertical 
Apes in each section* £is shown. At the .same time the sole 
flue n by means of the suction of, the chimney draught is 
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collecting the' spent products passing down the Hues of each 
Section. Fron r> these heated pi Hurts unite in the chamber 
l‘ v and passing <thcnce tlwbugl v ,the regenerators \\ u give up 
their l t i£at to the chequcied brickwork in leadiness for the 
next reversal. It must be iv ted + that the leversal of the 
damper I) and the cocks c is simultaneous. The chambers 
A and li are useful in causing the air to travetse the whole 
length of the regenerator, •namely, from one end Ji the battery 
to the other, before being admitted to the tines. The reversal 
of the currents affects only three Hues at a time or one-tenth 
of the oven wall. Thus the flues kn the descending gases are 
in close proximity to, and nearly as hot as the recension flues, 
$nd a uniform temperature is maintained throughout the 
length of the oven wall. A typical arrangement of this oven, 
with the necessary mechanical appliances, is shown in Fig. 44 

One of the most recent types of ovens is the “ JB.C.O.” 
oven (Biitish Coke Ovens Ltd.), a vertical flued oven, waste 
heat or regenerative type, Fig. 45 . In many regenerative 
ovens two regeneratois are used, but in the B.C.O. oven the 
special feature F the use of four regenerators, A, 15, C, D, 
giving considerably gi eater cubical capacity. The regen- 
erators are also mni\ idealised for each oven by cross division 
walls E, securing more equal expansion and contraction. 
The gas is admitted by means of two tubes v at each end 
of the .oven, these gas ducts being kept cool by adjacent 
passages through which air is continuously circulating, thereby 
preventing decomposition of the gas and deposition of free 
carbon in the gas ducts. Thy two outer regenerators, \ and 
i) ; serve for one oven, the Evo inner regenerators, 15 and 
C, serving for the adjacent oven and so on alternately. 
In tjie waste heat type the distribution of gas to the flues is 
on similar Ijjies^ but the air cm rents which keep the gas 
ducts cool are utilised to supply the air for combustion in 
the flues themselves 

t\ty>ther recent type of icgencrativc oven, as erected by 
^aglcy, Milks, & Co, M 'hetoria St, Westminster, is shown 
in Fig. 40 . (las is admitted from the main I) into the 
right or left hand distributing chamber E according to the 
[Motion ot the main revcrsii g dampeis. The gas then rises* 
through £ ..cries of nozzles F. Each unit F consists of a 
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lower nozzle *ci*esigncd ’to admit thd exact quantity of gas for 
any particular Hue, and an tipper nozzle acting U a protection 
to the Tower. The oridce # in the # upper nozze is greater in 
dimension than, the lower irifice, so thM ifi the event of 
decomposition f)f the gis anc^ deposition o/ carbon dfily tne 
upper nozzle Is affected and the supply of gas is always ke;^ 
lAiiform. Tht?se lidV.zles may be examined at any time, by 
means of 2 *e ; ca capped tubes 1\ Air fiom a distributing 
chamber as at C 'passes to the centre of<ench line' partition, 
and from thence is admitted to the Hues at two pjaces, n 
and K. The openings are proportioned to allow of. partial 
combustion at II and a completion of the combustion at 
K. By this means any tendency towards ovei heating nr 
the lower section of the «oal charge* is neutralised and a* 
more uniform heat obtained. 

~ The products of combustion unite in# the flue L, the 
natural tendency towards greater draught at the end nearer 
the chimney being corrected by carefully regulated openings 
M so as to ensure equal conditions rfbr all the flues. It 
may also be noted that the air passing to the regenerators is 
carried at A, in close proximity to the TieSted under parts' 
of thh ovens, and then passes to the distributing chamber 
15, being controlled by valves N which are closed or opened 
simultaneously with the reversal of the gas. By this 
arrangement the incoming air acts as a cushion between the 
oven structure and the regulntmg galleries, thus* seem ing 
more equable conditions in the latter Batteries of*this type 
are unsuccessful operation in Great .Britain. 



CHAPTER X 


MECHANICAL APPLIANCES AT C OWE OVENS 

The selection of the fuel for coke ovens is of great importance. 
The effect of impurities has already been discussed, but the 
nature and character of the residue left after closed distilla- 
tion must also be considered. The range of fuels suitable for 
the manufacture of coke is indicated in Fig. 3. With the 
beehive coke oven, the range is extremely limited, and only 
such coals are suitable as are naturally of a strongly coking 
character (shown on the diagram as “coking coal ”). With a 
modern retort oven and special treatment we can extend the 
range so as to include proportion of lean coal, gas coal, and 
even flaming coal. There is still a fair amount of uncertainty 
as to what constitutes the coking power of coals. In the firtt 
place there must be sufficient volatile matter with its propor- 
tion of tarry compounds to bind the particles together into a 
uniform mass. On the other hand there must not be an 
excess of volatile matter. This is usually found in conjunction 
with a high oxygen content, kncl in the majority of cases as 
the oxygen increases the coking property is diminished. 

G. S. Cooper, 1 in a paper read before the Iron and- Steel 
Institute, gives the following yeiults of investigations concern- 
ing the effect of oxygen content on the coking property of 
coal. He states that “it is generally assumed that a coal 
with more than 8 per cent, oxygen on an ash and moisture 
free basis is a non-coking or a poor coking "coal.” „ 

Some of the results of tests are reproduced on the follow- 
ing page. 

ide arrives at a ^general conclusion that if the yield of 
water is more than 7 or 8 per cent., the coke is of an inferior 
character The author’s, experience would place this figure 

( 1 “By-product Cokng in Relation to Iron and Steel Manufacture.” 

G. S. Cooper, B.Sc., Iron and Steel Inst., 1914. 
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higher, say from 9 to 10 pjr cent. With careful treatment, 
coal giving *off 11 per cenj. of* watery liquid pas been ctm-* 
verted into satisfactory cok$» W* we examine the titfcle 
below we find thtft the vejatile matter in the c/als giving good 
ccd<e ranges frofri 20 to <‘i2 per tent. ; fair cofce, from 32 to .35 
per cent. ; po^r col^e, over 35 per cent. A laboratory teM^ 
on the volatile matter of a coal is, however, not satisfactory 
in drawing conclusions as to the coking power of a coal. If 
is difficult to secure conditions in any way approaching those 
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Cumberland 

69*8 

5*31 

0 94 

6*0 

Good coke 

Durham 

76*5 

4*11 

1*02 

4*6 

,, 

Warwick 

62 0 

12 98 

3*60 

10*6 

Poor coke 

Monmouth - 

80 0 

3*37 

51 

3*2 

Good coke 

Staffs.- - 

710 

7*53 

1*08* 

• 4*9 

,, 

Yorkshire - 

70*0 

6 66 

1*28 

7-8 

> > 

Lancashire - 

70* 

6*80 

T48 

5*2 ! 

,, 

Lanark ... 

65*0 

8*09 

2*45 

l(f*7 

Fair coke 

.Life - 

68*0 

9*12 

1 99 ‘ 

7*6 

Good coke 

Northumberland - 

67*0 

8*55 

2*46 

7*8 

Fair coke 

'Forest of Dean - 

68*0 

6 73 

1*58 

7*5 

o 

o 

n 

o 

o 

Brown coal, Australia - 

18*0 

f 2*78 

8*22 

230 

Leicester - • 

m 

63 0 

10 52 

2*74 

12*4 

• 
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obtaining in actual coking practice. The effect of mass and 
comparatively prolonged coking period cannot easily be re- 
produced in the laboratory, although the method^ devised by 
Dr Leading 1 gives*uscful and interesting data. 

In his method t u £ coal is heated electrically in*a silica 
tube b)» means of a platinurft resistance coil'* A loose ^tting 
silica tube weighted^ to any desired dilgrese rests on the sample 
of coal. The swelliifg properties of a coal come out clearly 
by this meth(*d, and the nature of tl*c residue is more dcciiled 

» • • 1 v 

1 “A Laboratory Method for the Comftin^bn of ^the Coking 

Properties of Coals.” Ur R. Losing, Inst, of Gas Engineers, K)12. 
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than in the, usual crj.cible tes^ for the determination of 
volatile matter. ( f , # 

'Attempts haye been 9 ma,;le by various observers to 
establish some\ connection betweey the action of various 
solvents on coals, and the cc-king propertied of such coals, 
u is known that there is a diminution ,of the coking power 
of ’coals after extraction by pyridine, the effect bciijg ’similar 
\o that produced on exposing certain coa[s teethe action of 
air for any considerable time. Extensive research on these 
lines h5.s been carried out by Burgess and Wheeler. 1 

Th6 results of certain of their* experiments lead them to 
suggest that coal appears to contain two typesiof compounds, 
.one type being more easily decomposed by heat yielding 
paraffins, the other type being more stable and yielding 
hydrogen. They consider the first type as most probaWy 
derived from the resins originally present in the sap of the 
coal plants (resin bodies), and the second type as a degrada- 
tion product of cellulose (humus bodies). The “ resin ” bodies 
form the cement of* a conglomerate, of which the cellulose 
derivatives are the. base. 

The weathering of coal depends upon the absorption of 
oxygen from jiir, and is detrimental to the coking of some 
coals, in some cases exposure for a week or two being sufficient 
to destroy their coking power. This property of oxygen 
absorption is most likely duetto resin-like bodies, since it is 
well known that certain resins absorb oxygen. Bedson 2 proved 
that pyridine bases from coal tar dissolved 16 fb 18 per cent. 

( of a Durham coal, but had no action on anthracite, and Baker, 
( working on similar lines, proved" that coal after such extraction 
left a residue whiJh no longer had coking properties. These 
results have been confirmed by other observers on various 
coals, and Redspn further* proved that an amount of substance, ‘ 
practically equal to the volatile matter, can be extracted by 
pyrid : n6. Burgess and Wheeler (Chet.i. Sor. Trans ., 1911) 
exacted from' a Sillqstone coal containing 88*4 per ft cent. of 
.volatile matter, 30 pe*r ceMt/of 'matter soluble in pyridine. It 

is probable that there is some relation between the coking 
( ^ 

<w “On Che Volatile Constituent^ of Cotl.” * Buigess ,and Wheeler,, 
Jour, of Chew. Soc ., Apujl 1911. r 
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properties of coals and thciy behaviour with various solvents. 

In somr* coals a resinous ccyisti A-ient appears tc predominate,* 
usually in those of a more fi&bly* coking© nnfrire. In other 
coals some of the 'constituents arc soluble, whirc others, though 
of •resinous nature, arc weft, aTid in such £ascs the coking 
quality is not m^ieji affected by the extraction. 

Mi!ch*useful work on a laboratory scale has been done'on 
the above line* hut although interesting results have been 
obtained, as yet they cannot be considered conclusive, and no 
hard and fast rule can be laid down as to tke behaviohr of a 
coal in a coke oven as determined by volatile matter, ultimate 
analysis, or remits of extraction. # 

Mo^t coke oven firms are prepared t^o subject samples of* 
coal to coking tests on a “manufacturing” scale in which the 
e£ect of disintegration, compression, moisture, duration of 
coking period, etc., can be observed in an ordinary full-sized 
oven, and only §uch tests can be considered reliable. There 
is, however, a wide field for research on the chemistry of coal, 
and it is interesting to note that the Brkrsh Association Com- 
mittee on Fuel Economy, realising the importance of this 
branch of fuel technology, # has appointed a “Chemical and^ 
Statistical ” sub-committee to deal with the qqpstion. Some 
of the members have undertaken experimental work on the 
constituents of coal, their mutual relations, and their influence 
upon the character of the products obtained by distillations 
or oxidation. , • # 

The members of this sub-committee are of the opinion 
that tfie time is ripe for the organisation of a scheme of 1 
systematic co-operative research aided by national funds. 1 » 

The authors heartily endorse this opinion and express the 
hope tha,t some tangible result of their deliberations may yet 
be seen in the form of a central national fusl laboratory in 
which £he behaviour of coal in fujl-sized retorts and coke 
ovens, worked x »y jjrActical engineers, may, be observed in 
conjuncfion with research in" a laboratory fitted withsthe 
necessary equipment for this das$ eff work. In m'any cases • 
the coal arriving at a coke works is fairly qniforrfi in character 
and compositfbq, but, in some gises^espccially vyhen # the coal ^ 

1 Report of British A ssocl * ltlon C^ommittep dh Fuel^ Economy. | 
Abstracted in Jour . Soc. Chem. {nd., 16th October 1916. • 
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comes from sevesal cdlicries^ a »vide variation is met with. 
Income cases, a certain proportion of moderately cokrng coal 
may be mixed iwitAi superior diking coals. Thus a rich coal 
is sometimes, rrrixed with a lean co^l or vice versa, whilst a 
* proportion of pitch under certain Conditions may be utilised 
in this manner, sometimes to the advantage of/he coke. t 
’It is highly important that in these cases^th«> cbal be 
thoroughly mixed., For instance, the coaFfnTfh one district 
may be , relatively high in volatile matter, tending to give a 
weak porous cokra, whilst that from another district may be 
deficient in volatile matter. In mixing such coals a mere 
.adjustment of the order of the wagons at the main tip is not 
'sufficient. It has been the writers experience that, imspite of 
various apparent opportunities of mixing in the disintegrators, 
bunkers, conveyors, etc., one wagon load of doubtful cor! 
tipped between wagons of good material will not disseminate 
itself satisfactorily. The ill effect will be localised in one or 
two of the ovens, anjl the influence on the character of the 
coke will be obvious. # A more satisfactory method would be 
f to deliver the two equalities into separate low-level diambers, 
,each having its own elevator into die disintegrator or blinker 
as the case may be. The proportions of the two qualities 
can then be controlled by regulating the relative speeds or 
capacities of the elevators. The next step is the charging of 
the oven/ In some cases the .ovens are charged in a similar 
manner to the beehive ovens, by means of tub:, feeding the 
i oven threfugh three or four charging <ioles in the roof The 
use of individual tubs has now largely been replaced by 
'the modern charging car, one type of which being shown in 
Fig. 47. Generally speaking they are electrically driven, 
hold a complete charge, ?nd can be worked'by one attendant. 

In such'casCs the surface of the charge is uneven, consisting 
of a series of cones and depressions, restricting the passage 
of thC gases evolved. Consequently tilt? charge is levelled by 
hatfd or, as is more cpr.imonly the case, by means of a levelling 
' bar attached to the ramming machine, as in Fig. 48. 

Whilst these methods of charging are satisfactory in many 
c«^ses, instances arise in which it is advisable rto compress the 
^charge after a Jiravious disintegration of the coal. This 
combination is decidedly advan.t?geous with coals of low 
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volatile matter. The disintegration *ld)ssens the*spaces between 
the pa)Ticle*s whilst the compression forces the particles «tiH 
closer together.* rhus, by redoing) the gaps, th£ comparatively 
weak binding tendency is utilised to fuller extent. Again 
ceals with high volatile •matter tend to fjivc* porous coke. 
Larger particles, aryl consequently larger air spaces betwee-d 
tliem* tgul to accentuate the porosity. Disintegratron .and 
compression increase the density of the charge with a corre?- 


sponding improvement in the 

coke. This 

is clearly shown in 

the example given below, the 

figures being 

from a cA.*e under 

the writer’s observation 


> 

• 

I. 

II. 

Volatile matter in coal - 

28-5 per cent. 

28*5 per cent. 

Weight in lbs. per cubic foof:- 

• 


Disintegrated, but not com- 



pressed - 

.16-13 

, 49-7 

Disintegrated and com pressed — 



(a) Top of charge - 

56-73 

56-70 

(/;) Middle of charge 

56-fH % 

58-11 

(c) Bottom of chaigc 

5,S 1)3 

(50*80 

Average increase in density - 

2 1 0 per cent. 

• 17*7 per cent. 

Mdisture in coal - - • - 

11*4 

9-1 „ 

Coke made : — 



Average apparent specific 



gravity - 

LllO 


Average real specific gravity - 

1*841 


Average pore space 0 - 

39-7 per ( 

cent. ; > 

Crashing strength 

2,050 lbs. 

. per square inch. 


The crucible test in the laboratory would lead one to 
expect a decidedly weak, swollen, and porous coke. The 
excellence of the coke produced as above in the coke oven 
shows, the comparative unreliability of the laboratory test. 

The advantages derived from the use of compressed charges 
may bt summed up as follows : — 

L Output increased at least I'O per dent 

2. Denser coke. 

3. Amouht^bf C 9 ke breeze reduced. 

4. Saving'in labour. * ^ , 

ft T PCC u/par nn r»vp»n lininrre 




disintegrator (Tigs. 49 and 50). This consists of two reels A 
and B mounted on the shafts c and Eacl' reel consists 
of two concentric rings in which steel spindles, of round 
or square section, are fixed from 2 to 3 in. apart. The reels 
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are driven "by the pulley^ in opposite^ directions, and ftn 
even i^mnuig is secured byfth% flywheels i; giving the ccftnbt 
balance. , 

The slack is fed from elevators and the shoot F^nto the 
•entfe of the *reels, an<J passes through tile b!irs of the reels 
# at G. As thyse t^'s are revolving m opposite directions al a 
periphora^ speed of 6,000 ft. per minute, the slack is* crushed 
to a fine state o^di vision, and passes down the shoot LJ. The 
crushed slack is taken from this shoot to a storage bunker, 
usually situated near the ovens. From thence thV* crushed 
slack is delivered by means of a conveyor belt A {Fig. hi) 
into the bo$ 15 of a chaiging machine. This box is shaped 
somewhat similarly to lhe # interior oHhe coke oven, but tfie 
width of the charge can be adjusted by the patented arrange- 0 
ment for opening or closing the sides, consisting of eccentrics 
I), and shafting controlled by one hand-wlfeel. As the slack 
is fed into the, box it is compressed by the weighted pole l of 
the stamper K, which traverses the whole length of the box. 
The pole is raised by an eccentric friction wheel G, driven by 
an electric motor, which also, by means yf suitable geaiinjj* 
causes the machine to mo^'e forward a predetermined distance 
during the up-stroke of the stamping pole ^ The length of 
fall of the stamper pole is constant, adjusting itself ;fs the 
charging box is filled. Whilst a single stamper will compress 
a charge satisfactorily, it is an f advantagc to have two stamping 
machines, which allow of better compression, saving in time, 
and less dislocation ^o the plant in general shguld one of 
these stampers break down. 1 

The*drawing shows the’* charging machine separate ayd 
distinct from, the ramming machine, but for smaller batteries 
of ovqns it is more economical to use a combined nary and’ 
charger, as the lesser number bf ovens to b<; charged per day 
allo\v% ample time for the charge to be stamped, and then 
kept waiting until tSe contents of the oven arc discftajged by 
the section of the combined machine % contaming the discharg- 
ing warn. When the compre^suJn ?)f tne charge m complete^!, 
the machine travels to the oven requiring a Charge, the sides 
of the box Jr^sligljtly opened by # hand-wheel, and the charge 
is carried ’n$o ttie oven by the 'peel A [F^. $2) which fdrrrls 

the bottom of the box. This peel is titled with a'r^ck und*?r- 
•• ... 



r 90 r MOI|ERI$ pOKINf, PRACTICE 

n£ath into Which fit^ a pinion drivpp by an electric motor and 
suitable reduction gearing. IVFosi ^tamping machine^ work 
on the same principle. The*polc f ; s raised by various methods, 



frictkral, compressed ai^, electro-magnetic, etc., and allowed 
to drop freely. 

In the Meguin type of stamper (Fig. 53) the “pole” is 
replaced by a steel rod, whi h is raised by.rneaus of a crank 
and connecting rod.. On the upward stroke the rod is gripped 
by the torg arrangement shown. Towards the end of this 
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stroke the ‘pongs’’ come in contad \vith lugs, and are thereby 
opened, allowing the rod to drop freely. „ 

Another modification, b; th? same firm, is shown in 
Fig. 54.^ In this the stamping piston is actuated by the 
conjoint effect of pressure and vacuum,, the stamping cylinder 
A being coupled direct to the compressing, cylinder B. The r 
speed of chi s machine is much greater than the former, °and 
the capacity is considerably increased. A later type has a 
separate air reservoir, rendering the motion of the compressor 
independent of the stamping motion. Fig. 55 shows the 
type of stamping machine manufactured by Messrs Bcver, 
Dorling, & ('o., Bradford. The stamping pole is elevated by 
means of two pairs of cams covered with “ ierodo.” The 
pressure of the cams can be adjusted by tension screws, whilst 
the cams are designed to allow the “ ferodo ” to be readily 
replaced when necessary. 

The appearance of the coke is a very important matter. 
Formerly the coke was pushed out by a ramming machine 
on to a horizontal paved 1 floor, where it was quenched by means 
of an ordinary hose pipe. The incandescent coke, being thus 
exposed to the atmosphere, suffered through oxidation before 
being thoroughly quenched, giving rise to a dark appearance 
in the 'coke. In extreme cases the ash left after combustion 
of the surface of the coke was obvious, giving the coke a 
reddish-brovyn tinge. Coke should be quenched quickly, 
avoiding contact with air as much as possible, and an apparatus 
on the lines .of the Darby quenching ho<rl, showm in Figs. 56 
and 57, is advisable. In this coke-quencher the prism of coke 
is .shielded from the air by the side plates K, whilst simul- 
taneously a copious supply of waiter under considerable 
pressure is sprayed on to the coke as shown. 

An efficient, deyclopmenF of This idea is showm in Figs. 58 
and 50 (Goodall’s combined quenching, screening, and loading 
machine^. The machine consists of a r . olving table, with 
vertical side plates, and two distinct operations are involved 
in Jhe use of«It. The first opci^tibn, quench* lg, is carried out 
by pushing the cfoke on to the slowdy revoking table. Here 
it is spread out by the action of the table, mid quenched by 
water sprays. 

'The taA Aides of the chamber prevent undue access of air. 




Fk. 5,').— Si AMI'] \r. Ma< HiNFf (Hi-m-i, Dorlmtr, A l»Va<lfoi<l ) 
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, and an atrftosphere of steahn is Maintained until the coke is 
ccrmpletely Quenched. In the second operation the table is 
revolved in the opposite direcjioh, and the contents are 
scooped off the table by a deflecting plate over, a reciprocating 
screen, and deli 'ered direct into fchc vagon as screened coke. 

Other methods of dealing with the coke are shown in 
Eig. ( 60.' Methods of dealing with the coke rapidly by 
mechanical methods have multiplied considerably of late 



Fit,. 5fi.~ Darby Quenching Hood. Fig. 57. —Darby Quenching Hood. 


years, and the instances shefton arc merely typical. The type 
chosen for any particular plant will depend on the local 
circumstances. Thus, in some cases wlv ir e the plant is not 
favourably situated for carrying (.at repairs to meel anical 
devices, a simpler type, such, as v ig 00^ or Eig. GCD, is preferable. 
I Meases where the coke is sokl in the open market mechanical 
screening as shown in Eig. 44, combined with efficient quench- 
ing, is highly desirable, whilst in some few cases the coke is 
required for blast furnaces in the immediate . icinity. 






Under these conditions 3, sloping 'bench delivering into 
the furnace barrows or into ropeway skips (Fig. (j 1 ) is a 
convenient type to adopt. 

big. Ge allows a complete varrangement of "mechanical 
appliances in connection with a Kopperfcoke plant. 







CHAPTER XI 


CHEMICAL AND PHYSICAL EXAMINATION 
OF COKE 

In this country a complete chemical and physical examination 
is rarely carried out. The former is usually c nfined to an 
estimation of ash, sulphur, moistriire, and sometimes volatile 
matter, and the latter to a visual examination of the appear- 
ance of the mass of coke or of individual pieces. Occasionally 
the nitrogen content is sought, not as a matter of concern 
between buyer and seller, but as being a 'useful point in 
considering the yield of ammonia. In some rare cases the 
iron content is estimated, its effect on the clinkering properties 
having been already commented upon. Of recent years the 
phosphorus content has received lore serious attention. In 
the blast furnace the phosphorus tends to pass into the iron, 
lowering the elasticity and rendering the metal more brittle. 
In general the phosphorus content of the coke is low enough 
to remove all misgivings, but cases may arise in which the 
effect of phosphorus is not altogether negligible. In a few 
isolated instances the presence of arSfcnic is injurious as in 
the case of malt kilns. 

The estimation of ash, sulphur, moisture, volatile matter, 
and nitrogen have already been discussed in Chapter V., but 
we might at this stage eipphasise the importance of ensuring 
that the coke be thoroughly burnt off in the case of ash and 
sulphur and that the coke be finely powdered in the case of 
nitrogen estimation, and allowed sufficient time for complete 
decomposition. 

Iron .is estimated by burning off a sufficient quantity of 
coke to give a workable amount of ash. Obviously, assuming 
the coke T f contain 10 pc* cent, of ash, it' will be necessary to 
incinerate 10 gnf. agf coke to obtain 1 gtr 'of Vh. The ash, 
after the prolonged ignition necessary to obtain a sufficient 

q8 
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quantity to *wf>rk oif, is not rcadfrfy soliiblc,* as itgards its , 
iron contenf, in dilute hydr^cljoric acid. Mil soy.e instances 
even concentrated acid •ieguir^s a considerable time to 
completely disserve the iron o'xidc. When such is the case 
fysiotf must bb resorted *to, *or treatment wifch hydrofluoric 
acid, as desfribe^d under phosphorus estimation. Finally, 
whew complete solution of the iron is effected, the ferric 
chloride is reduced by means of stannous chloride and them 
titrated with a standard solution of potassium bichromate in 
t he u sual manner. N 

^^stimation of Phc/sphorus. — One gram oi \he ash « 
is weighed, transferred to a beaker, and boiled gently with 
concentratccf hydrochloric acid for about two bouts, at tfie 
end of which time complete solution of ferric oxide and* 
phosphates will have been effected. If, however, the insoluble 
residue is still reddish or brown in colour, more hydrochloric 
acid must be added, and the digestion continual 

Tt is fairly certain that unless all the ferric oxide is 
dissolved, that some of the phosphorus \vill remain with it as 
phosphate. If, as may sometimes be the case, the ash • 
resists decomposition after prolonged digestion in the acid^ 
then other means of .attaching it must be used, such as fusion 
with alkaline carbonates, or treatment 'with h^drofluoric«acid. 

In the former case, 1 gin. of ash, previously ground fine in 
an agate mortar, is mixed intimately with 5 or 0 gm of fusiort 
mixture (potassium carbonate, ITS paits; sodium carbonate, 
106 parts) aTid transferred to a platinum crucible, cohered with 
a platinum lid, and placed in front of a gas muffle for ten to 
fifteen minutes, then gradually placed further in the furnace 
pntil it attains the full heat. Gradual hearing is necessary to 
prevent frot1iing # up and loss of thd contents. The mass fuses 
aryd the fusion should be maintained for an liour^ At the end 
of the #t time the crucible and contents are taken out and 
allowed to cooj. Thoy are next extracted with hot* distilled 
water Jhd transferred to a jtorcelain evaporating basin, taking 
care^to avoid any U>ss of maUiriai. , l*h£ basin is cQvereo with 
a large clockglass* and hydrochloric acid cautiously added 
avoiding low; by effervescence of the carbonates. \Vhen the 
addition of ?u*icl go fonder causesyiffervescence,*rin^ the cUck*- 
glass into the bas\,*add a slight excess Sf acid, and evaporate 
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carefully Wer a low temperature burner! UnfesS this is done 
cautiously, (nuch lbss, due to ^pitting of the saltj, will occur. 
When evaporated to com pj etc firj ness, continue thd heating 
for about half an hour to cxpe\ acid and to dehydrate the 
silica, t'ne jattrr being the important point. "Allow tc> cool, 
add a little strong hydrochloric acid, an^ yvarn} gently for a 
few minutes, then add hot distilled water, digest fiy/e or ten 
minutes, and filter, washing the paper several times with hot 
dilute acid, finally ‘twice with hot water. The filtrate now 
contaj*-' *all the phosphates in solution. Add 2 or 3 c.c. of a 
solution* of ferric chloride, then ammonium hydrate solution 
until the solution smells slightly of ammonia. Boil up and 
filter. The reddish precipitate consists of ferric hydrate and 
« phosphtitc together with alumina/ The object of this separa- 
tion is to get rid of the alkaline chlorides resulting from the , 
fusion mixture oiiginally used. Wash the precipitate three 
times with h?A distilled water. Remove the filtrate and 
replace an empty beaker under the funnel stem. 

Carefully pierce the, filter paper at the bottom of the cone 
’ with a platinum wire, or fine glass rod, and wash the precipitate 
‘through. Then dissolve by warming in as little hydrochloric 
acid as possible. The ■solution'' should be quite clear. 
Neutralise carefully wifh ammonium hydrate until just turbid, 
then add 10 c.c. excess. Now bring back with nitric acid' 
‘until almost clear. The solution is then about neutral. Add 
5 c.c. concentrated nitric acid, and bring the whole to the 
boiling p&int ; then add 18 c.c. of a IQ per cent. r solution of 
ammonium molybdate, and put aside in a warm plabe to 
settle, after a few minutes’ shaking round. The volume of 
the solution final ly*ought to be from 50 to 70 c.c. If properly; 
precipitated the yellow phbspho-molybdate qomes down in a 
granular condition, soon stttlos out, and is easily filtered pflf 
and washed, using cold water acidulated with nitric acid ; six 
or seveil good washings are necessary.. Finally, take the 
filter paper and its' contents from the funnel, open out £at and 
place on a v fiat tile od gl?ss, pliRe in the water bath, drying 
until constant weight is obtained. ' 

The precipitate contains T63 per cent, of phosphorus, or 
3 73 percent, phosphoric acifk The fusion method as above ’■ 
described ir i somewhat tedious, but is ocda*.onally necessary. 
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If a complete analysis f of th^ ash is inquired, the fusion methoc 
of decopn position is the bestjomc. # • 

The use of hydrofluori? y*:kl ©ften *aves time, especially 
when it’is desirable to know the iron and phosphorus ^ontent 
only. • One gram of th<J &sh ground fine i;i ai< ai^ite mortar 

transferred, to,a> platinum dish, moistened with dilute 
^sulpfftiris^cid, anti about 10 c.c. of hydrofluoiic acicf addled, 
and digested at ^bout 100° C. for an hour. In most case*s 
. complete decomposition of tl^e silicates will have tatan place 
it^tl^is time. Evaporate carefully to dryness on a hotplate. 
The residue will then dissolve in concentrated hydrochloric 
acid, and thy solution thus obtained may be used for the 
determination of either iron or phosphorys. It should be noted 
that some hydrofluoric acid contains iron, and not improbably 

• some phosphorus as well, so that a blank determination of 
these elements should be made, which, of coflrse, only requires 
to be done once, so long as the same lot of acicl is in use. 

Arsenic in Coal and Coke. — The discovery of arsenic 
in beer brewed from malt and hops k;cV to the source. of the 
arsenic being traced to the fuel used ir^ drying the malt. 
The*^rscnic is usually associated with the pyrites present in* 
the coal, and the fact that coals may contain arsenic was 
pointed out by Percy in 1870. l)r Angus Smith proveft the 
‘presence of this element in fifteen specimens of Lancashire 
coal, and it has also been found in German and French fuels* 
also in Nottingham and Newcastle coals. The # accurate 
determination of miniate quantities of arsenic in ^ substance 
such as coke presents very considerable difficulties. Descrip* 
tions of methods advocated, ?md discussions on same, are ty 
be found in thp Journal of the Society of Chemical Industry, 
May 31, 1901, p. 437 (Smith ancl Jenks) , May 31, ^901, 
p. #449 (Archbutt and JacksotT); !ind in the /tyalyst, 1901, 
26 , 25#-25G (Chapman). 

Physical RropeDiies of Coke. — Though in gcfio/al an 
experienced eye can, give a Reliable judgment on the physical 
qualities of a cok^, sometinWs for* comparative purposes a 
series of physical and mechanical "tests offers ifsefuDdata. A 
complete ex&nynatyon on these lipes would coini^ise a test 

* for apparent* apnd^al specific gravity, ancj from the res*pecfive* 
results a calculatitfh *>f the relative proportions o’fV^oke sub-* 
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sfance and pore space. MTchanic^l tests on the hardness and 
r£sfstancc t« pressure would b« included along with so^ne form 
of “ shatter” test to give a comparative index- of the friability. 

Apparent specific gravity, or the specific gravity of the 
coke as mydeHh.it is, coke suhistarfei plus air spaces, may he 



Fig. A2. — Apparent Specific Gravity of Coke. 


more suited for coke is shA’wndn Fig. 02, which is in principle 
a volume meter. r 

A wMe-mouthed vessel is fitted wi^h a ground-in ‘•topper 
having an extension in the forAi of a tube D. Thtt vessel 
communicates by means «-f t»he flexible tube with a measuring 
turette, tfie upper end of which is htted with a receiver. The 
relative posjtions of these vessels are shqwn in (three stages, 
in the 'first' stage f Ajthe stopper is inserted »an<j* tvater is run v 
fhto the # vessel through the burette unt*ih the water is at a 
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specially marked levlf filed oil theitibe (ff'thcf stop;Jer,'and at 
zero in C. *In the second Itage B the burette is, lowered, fh 4 s 
bringing dowrt^the level cjf ^:hc water t(} allow of the removal 
of the stopper without loss f)f Vater. In the* third stage the 
v^eig^ed sample of cr^a*, in* the form of w^ll-diie# pieces, 
fairly uniform in size, and brushed free filun adfiemig coke 
*dustj is admitted into the vessel. 


The stopper is tightly reinserted 
and the burette* raised until the 
water is forced to the lc\Tl of 
tile* mark. The vessel «is shaken 
briskly to detach adheient air 
bubbles, arffl the reading on the 
scale <if the burette is takcti. The 
number of cubic centimetres of 
water E gives the weight of water 
displaced by the bulk of coke in 
the sample. The test should be 
carried out as expeditiously as 
possible to avoid undue access of 
water into the pores of the coke. 

keal specific gravity, or 
specific gravity of the coke sub- 
stance, is a little more difficult to 
estimate. In general, this is carried 
out by means of some form of 
specific gravity bottle. * The coke 
mu si: be finely ground to break 
up all the cells and liberate JLhe air 
and gases, the removal of which 
is facilitated b^ a partial vacuum.* 



Fig. 03. — Real Specific Oravily 
of Coke. . 


& suitable apparatus is shpwi* in Fig. 63 : A is an ordinary 


50 c«c. specific gravity bottle. B is an adapts which allows 


easy connection with a vacuum c5r filter pump (Bujisen water 
^um^, serving also as a tatch box for an >y particles* of coke 
carried up by excessive ebi^itipn.^ *l*his. adapter^ temporarily 
replaces the perforated stopper, ^ind should fye cbi^nected witf^ 
rubber tuning in the manner shown, or preferably ground in. 
C is a wa^f °bath. Three gnyAs of finely pofr^brgd c^k^is 1 
placed in A, anc\c^vered with about fn^nch o/^water. 7 # he 
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apparatus vis fitted* up, aixj the water bftfth kept at about 00° 
tp* ^00° C. The vacuum pump ijf started and maintains a 
suction in till vessel A, the contort:* of which rtc kept '’gently 
boiling for two* or three flours. 1 The thermometer, I) will 
give an vindication of the vacuum yi,A owing Co the reduce^ 
boiling poiiYt. Th£ adapter is washe # d out, if necessary, into 
the specific gravity bottle and removed. # The bottle is" 
allowed to cool and is then filled with distilled wateffutilising 



Fig. 64. — Compression Testing Machine. 


its owh perforated stopper, r.nd„weighed. The calculation of 
the result is as 1 follows : — c 

t ft 

Weight of bot/le, plus samplc^plus water content « 

*K){ bottle - < * - ^ - - - o 

, Weight" of bottle, plus sample, plus water to fill, 
iJ.’t final weighing - 
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Difference? (x) =lveight of \vak?r uispiatco uy o gm. pf 
* ’ t coke substance! # ‘ 

Th6n \ 3 -r x = rcfef ^pecijic gravity. 

The proportion of coke substance is then found, thus : — 
LvAPP^fftlpecifi^ravSt)^ 10Q = cfnt .J kc sub . 

Real spijcyic gravity 
• ^ stanco. 

2. 100 — per cent, coke substance = per cent, pore spa£e. * 

# The hardness, or more correctly the ciSmprcssivc .strength, 

is found by means of an 4 i\ 

ordinary compression • |~A | ^ * 

testing machine. A rr Z 

si m plenty pe*t hat can be 1 — jljj — * 

made Jay the average 1 -yjr • 

. coke works mechanic is ] r '' : £ ! 

shown in Fig. 04, and ! * i 

has been use(J by the J * > 

author to good effect. j i 

It is not claimed that ! ■ 

this type is strictly « 1 IP 1 

accurate, but its results | * i • 

are certainly compara- # 1 i 

tive. When we consider J * 

• that the longest piece ! | 

of coke from a retort \ ) ! * 

oven is oyly half the I j g *"* fj 

width of the overpaid’ J 

that' the crushing M B&ffL f. 


Strength will Vary even » Fiw. Go - Shatter Test for Coke. 

# in this short length, we ♦ 

see that even wijh an elaborate machine considerable variation 
it\ results can be introduced by incorrect sampling. Ih the 
machine shown, clean pieces of coke are grouifd to approxi- 
**mately half-it^ch cu^es, placed between the face# of # the 
carushitfg section, and weights gradually added at the* end of 
th'ejever until collapse of^e,sp£ciftien takes ijlace* 1 he 
pieces must be free fretm inherent flaws ,or clacks, ai*l,» 
several pieces from a batch of coke must be teslfcd and an 
1 average taKjn. jF?he Aveight o^the lever is 5#lanced a aivi ( 
the position of tije'pin is designed to g&e # a leveiJ^ge of 10:1, 

ft 

8 
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so that tlie weights added, x l>y 10,*and tofrected to a 
sbctfonal ar^' '■ of T sq. in., giv<? the desired result;! In some 
cases, whilst srrjall individual pyycds may shcyf a satisfactory 
compressive strength, the batch as a whole is inclined to 
break into ^smc.11 pieces or finders. 1 * jThe effect of this, in a 
blast furnace would be quite as serious as^a, low compressive 
strength, and various devices have been designed to g^ correct 
comparative tests on the friability of coke. A good method, 
shown iii Fig. G5, has been adopted by the Bureau of Mines, 
U.S.A^* This congists of a box A holding 100 lbs. of coke 
mounted on a support, the bottom of* the box being G ft. afiove 
the cast-iron shatter plate B. The bottom doors c are released 
simultaneously by the cord I>, giving a free fall for the poke. 

• A weighed sample is placed in the box, dropped four 
times on the cast-iron plate, the small material and dust 
being returned tofthe box each time. After this the coke is 
screened on a 2-fn. mesh screen, the proportions passing through 
giving a relative comparison of the friability. 

C. Meissner, IJ.S. Steel Corporation, 1 states that good 
physical tests for a standard quality of blast furnace coke are 
shown by the following: — 



Shatter Test. 

S pen fie Giavity. 

Porosity 
per Cent. 


Through 2-in. 
Scieen 

Ovei 2-i n. 
.Screen 

Appaient. 

Rea) 

Cell Space. 

1 

15 10 

SI St 

■97G 

l-sti 

47-Q3 

* 2 

10*1 1 

S5-S9 

•950 

1-821 

47-92 

,3 1 

, 

14-06 

S5 9 1 

4 992 

] S3 1 

40*31 


The writer would suggest the following as good specifica- 
tion for coke ' 

Ash, not over 10 per cent. 

Moisture, „ ' 3 ,, 

° Sulphur, » „ 1 >i 

Phosphorus, ' ’0 2 „ 

Pore space, 40 to 50 per dSnt.^ (furnace coke). 

Tpre sphee, ‘25 to 40 • „ "(fc )un dry coke). 

Compressive strength, over 1,200 lbs. per square inch. 

, t t . 4 ‘ 1 , 

i “Modem By-pmduct Coke ' Ovens.” C. A. /aeislner, American 

Iron and S f t€ei Institute. 
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The Simplex ovens are designed with vertical flucs'as rule, 
but where it is desired to instal ovens of ^hc utmost simplicity 
and .ise of working, a horizontal flued type is recc^nn tended, 
^h-eigeneral arrangement being shown in Fig. GG. ThtVieatmg 
gas returns by the two delivery pipes. * • 

All thejiir which is necessary to burn the total quantity 
ofga^enters in the flues A together with the gas # supphed*by 
the burners No. 1, which burners arc 'regulated according to 
the temperature it is desired to keep in the flues A. % 

A second supply of combustible gas is given by burners 
No. 2, the regulation of which affects tile temperature in 
the flues I!. * 

A third supply of combustible gas is given by burners 
No. fl, the regulation of which affect,s the temperature in 
the flues c. * , 

• Lastly, a fourth supply of combustible gas is delivered 
from the burners No. 4? which regulates the temperature in 
the flues n. t # 

It will be seen that each burner controls the tcmpfhiture 
of a different flue, perfect control of temperature is obtained, 
and the said temperature c!in easily be kept as low as *is 
consistent with good coking in the upper flues X, and made 
to increase gradually hi the flues n t C, and I), so ;fs to obtain 
a maximum yield of by-products. 

Each oven wall is provided with a single air inlet on itic 
coke bench side, to the exclusion of apy other air inlets. 
This causes ‘the working of thesp ovens to be unaffected by 
the direction aflid strength of the wind. 

• The construction of the fralft is such that their strength 
is ecfual to that of vertical flued walls of similar height and 
width, whilstgon th^ other hand the facilities for inspection, 
■easy Regulation, and the thickness of the r*alls make this type 
6f oven an ideal # one to be jvorked without skilled lalfciur and 
with a minimum*of supervision. # 

All blocks are tongued and fjroove^, of sflffici^f thickne^ 
to prevenf contraction when charging the oven^ thus avoiding 
any leaka^t; c't gas between Vrfie coking cftarrfters arri ihe* 
flues during tlteVltole time of carbonSafion. 
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In the Simplex Vertical flued ,waste* fieat type? o\ oven 
(Fig. 67), every other vertical heating flue js unifomily hc^ft^l 
by asc^dirtg burning gase^wflilst the products of combustion 
descend in tha adjacent • This •construction ensures 

<£frect proportions of air and gas, and in conjunction the 
mimljerof gas burners 15* or L 6 j:>er ovcn)#cnspre? a good 
^distribution of the beat from one end of the oven wall to the 
other. , % The whole of the air for combustion, ejaculating 
through tFie oven foundations on its way to the heating tfluqs, 
ensures a transference of most of the he^t ordinarily lost by 
conduction, resulting in an .'Appreciable saving of lining gas. 
• The method of heating the Simplex vertical fluid waste 
heat ovens may be described as follows * — - • 

The cold air admitted at the end of the gallery A is 
distributed oy the gallery B to the vertical heating (Itics 
C and Cp where it meets a fegulated supply of gas distributed^ 
through the pipes I) and E and the taps F and r» to the 
burners II and H r 

Under the influence of the chimney draught the burning 
flames ascend in the heating flues c anct C t to 4)1 c top 
horizontal flue 1 , and the products of combustion descend in 
the heating flues j and j L , passing through the openings 
K and fc t into the sole flues L, from which they reach the* 
mayi flue N by means of the conduits ft controlled by the 
dampers o. • 

In order to prevent formation of Mack c#ds an excess of 
air is supplied to the vertical heating flues C v which excess 
of air meeting an additional quantity of gas supplied by the 
pipes P, the taps Q, and theourners R ensures a secondary 
combustion taking place in the end flues j,, so as to com- 
pensate fot the loss^f ’heat by radiation and thereby ensure 
that fhe ends of the coal charges are carbonised at a sufficiently 
high temperature. . 

Special attention is drawn to the fcet that a unifonm 
temperatiu*«e Is obtained throughout the oven walls with only 
one r£gulating*gas cock per oven, which gas cock is^ quite 
accessible in the air distributing gallery A. # 

• Iifspection holes s are provided at both ends of the 
horizontal top t flue I £or the purpose of ascertaining thaj the 
temp^ture is absolutely uniform froifi* end to # end of 
ttte ovens. , %,,,** . * 

The Simplex degenerative oven (Fig. OS) possesses mayy 
novel and desirable featuies. fn the beating fliuj^a system 4 * 
of fractional ’aombust^n is utilised to secure efficiency in this 
section, .wfftlst %, the gas* suppljr is con^tanf, avoiding* aily 
necessity for rfivdrging gas cocks, levels, and thfeir attendant 
mechanism. 
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The alternation 8f the direction of the heating gasesn’s • 
confine/! to, adjacent flues, thi* subdiv’siob naturally tem1iw£ 
toward? uni fon^j heating At* Jhe gven v*alls. Tile advantage 
of accessibility £o the gas To<!ks situated on the oven top 
\%ill be obvious, and th«$ position of the burners precludes all 
possibility of disturbance through falling •particlfcs of brick. 
■The heating of this* type is as follows : — 

TheVjold air’ admitted by the general inlet fhaiij flue 
M is distributed, by the conduits N into the regenerator 
A, from.whencc the heated air passes thfough the\onduit H 
jpto the sole Hue !). From* this it asceqds in the. vertic.il 
heating fines F 1 and reaches the horizontal flue <$u;horoin 
it meets a first and regulated supply of gas from the* burners 
H fed by,t#ie pipes I, J, and L. The air being in excess of 
the arftount required to consume this*gas, the burning gases 
and surplus air travel down the heating Hues in which? 
the first stage of the fractional combustion takes place, and 
arc subsequently collected in the sole fiuts E, whence they 
ascend through the veitical heating flues The mixture 
of products of combustion and surplus air now reaches the 
flue Gj, where a second supply of gas is admitted from 
burners, iq. 'The gases and air now it! correct proportion 
travel down the flues F,, in which the second and final stage 
of tk#e fractional combustion takes place, and are subsequently 
collected in the sole flue iq The ifinal products of com- 
bustion pass through the regenerator A,, th<? conduits, and 
the main flue p to the chimney. 

A tap K is provided on ohch pipe J, in order to regulate 
the total cjuantity of gas supplied to the burner* II and H , , 
and so entire correct proportions of gas and air f/> r efficient 
combustion. WheiAhe regenerators a and A, hnvc respect- 
ively given up or absorbed the requisite amount of he,#t, 
the draught is reversed. The first and second stages of 
.combustion then take place respectively *in the flues F, and 
iq. The Mow ^)f burning gases *is naturally reversed in all 
t^e ffues, but the burners II, anil H ,, without any rct'ersaf, 
spppl^* the requisite quantity of gas in a eontiiftious fashion. 

- • 

„ Tuff C.G.O COMPOUND REGEN EIUTT/E COKE OVEN 
• • l. •. 

•This oven ha$ been s[f<jciaby* designed with* a view to 
effecting economies in 'coal ;nd rich gas, ai*b/ may bo* 
worked a^» an ordinary regenerative coke o^n* heated by 
a portion c^ifs % o\vn g*is or as yj "gas” oven. v Jn the Jatt^i 
case, the •vvhole^of the coke oven gas i^atailabbj Jor exterrya 
purposes, the oven flut$ ^eing then heated b^ producer gas 
blast furnace gas, or a rfljxed gas. T^i* typef of ovVi is (vel. 
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worthy of consideration in the case; \)f irbn arid stdbl works, 
wherrsupplies of blast furnace or producer gas , may be ujed 
in the ^qke’ovVi to good # r/i vantage, leaving tite rich colce 
oven gas available for powey? lighting, Yurnace Seating, etc. 
In this type qf’oven any dtjsired proportion of thi ovens 
irf a battery may be Kpated by cqIcc oven i ga,s and the 
Remainder "by poo$ gas. It will be observed that t he 
regenerators of this oven are subdivided into two [yiirs, one 
pair being heated by the waste products of combustion from 
the flues of a dividing wall, whilst the individual components 

# of the other pair are being r#scd simultaneously to meat up 

poon*gas and air respectively. The operation of ^ie oven 
is as follows (Figs. 00, 70, and 71) : — , ' ' 

A . — When heated with producer or blast furnace gas, 
the heating gas is taken alternatively from the gas mains 
1 on the ram side or on Flic bench side of the ovens, and # 
, travels through the regulating cocks 2, the reversing valves 
3, and the channels 4 to the regenerators “>, where the gas 
is heated by passing through the hot chequered brickwork. 
The hot gas ehters into the Hues 0, whence It is distributed 
into the combustion flues 7 The air for combustion is 
taken from the control passages 8 alternatively, gmd is 
drawn through the valves 9 and channels 10 to the * 
regenerators 11, and after being heated enters into flues 1 2f 
whence it is distributed itfto the combustion llues 7 together 
with the hot gas. The air and gas 'fnix ar»l ignite at^ the 

• bottom of the flues 7, and the products of combustion rise 
from the one-half of the ovpn walls and pass along the 
horizontal flues 13 into the vertical flues 7 of # the other 
half of tlv* oven walls, eventually splitting up yinto two 
circuits an<T being dc^wil by way of the flues (> and 12 into 
the regenerators .7 and 11. After heating the chcquej 
brickwork in the regenerator*, the cooled gases pass by way 
of the channels 4 and 10 and valves 3 and 9 into the vtfaste 
heat flue 1 h which is connected with the chimney. 

Th£ travel of the air and gas is reversed every half Jiour. 

It* will be noted that reversing halves 3 arc ^connected to 
the pjor gas main, whilst the valves 9 communicate with 
rMhe atmosphere^ insteajl. * • # 

* Reflation can be made# by means of the butterfly* valves 
15* also by the dagnper bricky lC^and* 17. # 

/>. — When headed with coke oven gas the rich gas is 
taken alternatively from the gas mains 18 on theTfcim side 
, or on the benoh side ?f the ovens, and travelsjihrough the 
reversing t cdt;ks % 19 to * the ^ftannels * wtfence if i§ 
distributed to tlietfmse of the vertical* flues 7. # -»The poof 
, gas is*shut off from the^frtains 1, and air is ^fjmitt&rj. This 
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air is f di\nvn through th^ valves 3 ar(^ channels 4 to the 
^generators 5. ^Vt the same time air is taken from the 
control pasAge 8 through flic, valves* 9 arid channels 10 
to the regenerators 1 1. Mtcy^ljemg hcater/in the regener- 
ators tjie air travels by way yf the flues O^and 1*2 to the 
base of the fives 7, whe^e it mixes 1 \^th the gas and ignites. 
The products of* combustion travel ovej; to the other half 
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Fir.. 71. --C.G.O. Oven, Compound Re^eneratjye Type. 

* i 

of the oven * wall in a similar manner to that already 
des« r ibe^. ' , can* 

Th£ Coppee G6. have modified' their type of oven k) mat jy 
respedcs by utilising thd principle of individual regenerators, 
e/ich oven with its own regenerator^ forming a sclf-conta'ined 
* unit. In addition, the flue* system in the dividing wall is 
divided into, two symmetrical section^, ea-ch wooing separ- 
4tel5. Yhe^e thvy f respectiU* sections work- i nr; conjunction 
With their evVn particular regenerators ai ilif sole flues, so that 
the rever&inpt of the L T as and air « vt rents affects only one- 
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quarter of th*e length of the side wall. Eacfi regenerate* is 
dividec^ by‘,a ^ertic^l partition, emending thc#jfull height iff 

* the regenerator, into section jvhicji are t^spectively connected 
with thoir corresponding s(£ti^n of the heating flues. The 
system is shovtn in dijgtam* form in Fig 72, in wflich the 
two left-hand regenerators (quite independent and distinct) 
fcre linked up to sections 1 and 2 of the heating flues, whilst 
the righft-kand sections connect with the flue section^ 4 and 2. 
Gas is distribute^ to the flues by means of two pafrs ftf 

• removatye distributing “cornues” or channels, Perforated 

^yith apertures carefully proportioned to allow equal distribu- 
tion &f gas in ea:h lln e • E i:h individual cornue fcVnls one - 1 
quarter of the oven wall, whilst each individual* flue is 
provided vvi^h a damper at the top. » • 

The* special anangemenj; of ih: coroues and dampers an 1 



the very great accessibility, together with the System of 
regulating cocks, provide for a perfectly equal distribution 
of gas over every part of the side wall Fig 72 shows the 
general layout of the Coppce individual regenerative oveji 
•The air necessary for combustion is drawAi by means of the 
chimney il'to <yie or other of the collecting flues F, or F 2 , 
according to the position ok the reversing apparatus, the 
ajioupt of air being controlled by dam[)ers and I), or I), 
and 1) 4 regulated from the inspection galleries. ^The two 
^cornuc'i supplying tlit rain side and the^flue damped arc 
sfymvrf on the left-hand section of th* drawing, the right-hand 
section showing tfee evacuation of the burnt gases?, according 
to the principle indicated in *he previous* diagram. T 'tm 
same firm ihas also introduced a compound chain ber oven 
possessing all* tjie*ab(fv() featuf^s, but desigtt&lfso ,as W tje 
capable tof Deyig^cated by low gradja •producer gas, blast 
furnace gas, by its owr^ “rich” gas, or by a rryxfiye of hign 
and fow gr^de gas. Tft<i ^sc incJi\^^ ual lOgenerlfctors &nd 




-Cori*#E ()\en, Individual Regenerator. 
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the subdivisiwFi*of thf flues into fqifr sections is adhered to, 
but in this case the alterative regenerators used for j/q,- 
ducer ggs ^re^dividW by a bAfflc wall, as sho&n in Fig r <'4. 
If rich gas is usOid to reinfo|£e,tlfc tcmpciaturesf the cornues 
C are brought, iftto play., T^e regenerators K are fejil alter- 
nately by producer g\s, etc., at (; and by § air at* A, the 



diagram showing thrj admission of preheated gas rmd at 
the ba£e of the flues. # 

* P igs. 75 and 76 show the # gejierai* design of this compound 
over* Considering these, two diagrams in conjunction, it wjll 
be seen that producer gas is being heated in and air in A If 
the two meeting,* and combustion ensuing, jg flues 1„ the 
product* ofccofnbustion* deseeding in # f\ues 2* and p.tssidg 
throtigh the re^er.cAitors a 3 and to tile chimnefy’* Similarly 
gas <fhd air heated in tif and A 2 respectivcly^ifieet* in fluffs 3, 
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the bi/rnt? gasetf descending through flljes 4 tp regenerators 
G 4 Vnd A 4 , passing, thence to the chimney. The reversal of 
these currents’ is effected by ret erring valves a( the ^Limney 
end of the Battery. With «lhp ‘compound cy/en two sets of 
main distributing flues are uspd. ( The poor, gas main’ is 
shown it thf rich gas, when desir^t being supplied* from 
the smaller main R. By a slight adjustment in the details < 
the flues qan be heated by rich gas alone, the whole, of* the 
regenerators then being used to preheat air only. 

Of recc/it years the possibilities of blast fuVnace or producer 
gas, as the heating agent for q/ke oven flues, have 'led the 
designers, of the Koppers oven to adapt their type, where* 
'desired, to meet these conditions. In this case blast furnace 
gas or producer gas, with calorific values of 100 and 140 
B.Tn.U. per cubic foot respectively, must be useA-in greater 
quantity than obtains with coke" oven gas, and it is also 
necessary to preheat these gases as well as the air for com- 
bustion to secure the best effect. The Koppers adaptation 
is shown in Fig/ 77. During the picheating stage the 
regenerators arc fbd with producer gas and air 'alternately at 
(; and A. By reason of partition walls the flow is divided, 
and in approximately equal proportions ; producer gas and 
air, both highly preheated, meet at the base of the 'heating 
flues k. Combustiofi takes place, and, as in their standard 
regenerative Koppers oven, the heated products of combustion 
ascend in one-hajf of the oven wall, descend in the remaining 
half, giving up their ^surplus heat to the brickwork of the 
regenerators underneath, and parsing away to the chimney at 
a temperature in the region of 2o0° C. The “ combination ” 
oven of th^same firm is a further development on .somewhat 
similar line^ but allowing the use of a rich or poor gas at will 
as the heating agent. Thus the oven can be worked as an 
, ordinary coke oven, using a portion of its own gas, or as a 
gas oven, using producer gas in the flues, the change being 
readily made without interfering with the normal vy,orking of' 
the oven. 

The Baglcy rapid regcneVatiVe oven (Bagley, Mills, & Co.) 
is specially designed for rapid coking, the coking period 
varying fiom sixteen to twenty hours. ( For this purpose a 
special equality of idfractory mater* 1 is supplied to de^i] with 
the relatively high temperatures rand stresses. The higher 
temperatures obtaining allow a higher yield of gas per ton of 
coal, whilst, if desired, producer gas, water gas, or furnace 
gas may be u^ed to heat the flues, the t'vho’e of the oven gas 
bding< then aVailable for liglt'ing purposes, etc. Individual 
regenerators ‘are provided for each over',/ the regenerators 
being of t'ne ‘multiple type. The passages leading t® and 
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from the \*dVious subsections are # •carefully *propcfltiftned t( 
exactly regulate the air acquirements, wjiilst, in conjunc/iqn 
the gfij si^opjies of the iiyiiv^dual flues can Ik regulateefb) 
meansjof specially designed ^iy/.»lcs. Hi additiofi, a graduatec 
system of co^ntu^tion i§ employed, a primary supqjy of pre 



Jieatefl air being admittcufat the base of flte flues, a t fbcondar> 
admission higher up completii^g the Combustion. # # 

# *The general* features of thjs oven are ^hown in Fig. 78 
whilst inset is a diagram showing details of the adjustable 
nozzle.* fleAtin^* ga* from th? main A is deli^red to the ga^ 
flue B.* JW’om thence f the gaV passes # tg theJsuperiitipoSec 
vertical flues 1Sy%^y of the gas nozzfes C (shown on a lar£ei 
scaiS in the inset). Tkfcse nozzles are visit^<£ antl^ accessible 
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on removing* tile cads I), and the Mow ©f g;fs can'bef varied 
through any^desireef degree by turning Jthe upper and free 
portio'i # of the noz/lt. lhejieffted air is admit&d to the flfles 
at (; ig voluir^ insufficient for complete combustion, the 
additional supply requisite fgr completion being admitted at 
f. Thus the zone of Jpmbustion i.^ lengthened, the tendency 
for localisation «ofi heat at the base is remove?!, and more 
uniform temperature of the oven wall in general i$ obtained. 
The openings H at the upper end of the flues arc casefu[ly 
proportioned to ‘ensure equal draught />n each\flue. The 
products of combustion pass § into the various sections of the 
regenerators, and by reason of the vcrtical # dividing walls and 
the relative areas of the outlet passages J, equal volumes of 
combustion products pass through the respective sections, and 
thencf^Jiy ^vay of the canal K and the piston valve L t<3 the 
waste Jieat flue M. The How of gas and air is reversed aj 
intervals in the usual manner. During the intake, the air 
.passes down the communicating flue N, which acts as a heat 
insulator with corresponding reduction in radiation losses. 
The air passage is controlled by a wing vafve I* connected to 
a common actuating lever, which simultaneously operates the 
piston valve L 
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a more advanced text-hook or as a work of rrf'ereiLe ' J Times. * ♦ 
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• • 

» 
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— f — - - 
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fOLUOLK 

SOLVENT NAPHTHA 
CREOSOTE OILS 
OR EASE OILS 

Carbolic acid 

DARK CRESYLIC ACID 
GRANULATED (CWJDE) AND 
SUBLIMED NAPHTHALENE 
PYRIDINE 
ANTHRACENE 
REFINER TAR 
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AMMONIA PRODUCTS • 

\ ^ 

SULPHATE OF AMMONIA . 
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1)RU NEUTRAL SULPHATE OF 
AMMONIA. 
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cent. Ammonia 


M*r\ 

''SULPHATE'' 
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~9 -* 

ALPHA NAPHTHOL , 

BETA NAPHTHOL 
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It is dry, resembling silver sand; it neither cakes 
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• * * 
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• . • 

It may therefore be sfcrewn on tl^e soil as grass seed, 

or may be readily drilled into the ?pil. 

It is neutral, and does no* destroy*the bags in which 
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It is guaranteed to contain 25 J / n of ammonia; .usually 
ft tests from 235 6 to 25 7 %. 


A typical analysis of the material is: — 
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Equivalent Nitrogen 


25 65 % 
0 03 % 
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BY-PRODUCTS 

SULPHATE, CONCENTRATED 
LIQUOR, TAR DISTILLING PUftE 
BENZOL, TOLUOL, AND FRAC - 
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Uniform Distribution of Hejit 
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COAL CHARGE,, FOR LATEST OVEN BUIL? M TON!* 
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and the Colonies (1919) 

Also very largely adopted in Qplgium, France, and America 
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XKe Coke, Uven* Construction Co? LtcK 

• • « • • • 
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Tonbridge Huddersfield 
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Hydraulic Mains 
k Condensers 
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Saturators 

Scrubbers 
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SIMON CARVES LTD. 

SIMPLEX COfiE OVEN ENGINEERING CO. LTD. ’ 
SUCCESSORS TO .THE OTTO COKE OVEN /CO. LTD.' 
kKOPPLRS’^ COKE OVEN AND ME-PRODUCT CO. 
qJ)AL DISTILLATION CO. LTD. * 

ENTREPRISES DE FOURS A COKE, 

COKF OVEb CONSTRUCTION CO. LTD. 

^ f o» 
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A1MEK I IbKMtlN 1 'S 

1ft m 


Wll 


FOR 


COKE-OVEN 1 '.B^CKS 

t 

COMBINING THE? TWO 

• . 
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% _ 


2335 OVENS BUILT IN GREAT, BRITAIN 
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OTTO COKE OVEN CO. Ltd. 
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